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PREFACE 

The  course  of  practical  chemistr}-  outlined  in  this  book  is  intemied 
for  students  who  are  beginning  the  subject  and  at  the  same  time  taking 
a  course  of  lectures  on  general  chemistr\-.  It  was  arranged  primanly 
for  the  iirst  year  Arts  course  of  the  University  of  Toronto,  in  which 
all  science  students — whether  they  are  taking  chemistry-  for  two  years 
only  or  whether  they  intend  to  specialise  in  this  subject — are  required 
to  do  exactly  the  same  work  in  their  first  year.  It  has  been  necessary 
therefore  to  keep  in  view  the  twofold  object  of  giving  the  former  class 
of  students,  in  a  very  limited  period,  as  fair  an  idea  as  possible  of  the 
general  nature  of  chemistry,  and  at  the  same  time,  of  providing  the 
latter  class  with  a  good  working  basis  lor  their  subsequent  course. 

Owing  to  the  shortness  ot  time  in  the  laboratory  (two  afternoons 
a  week)  many  important  principles  have  been  necessarily  omitted. 
The  principles  especially  emphasised,  however,  are  those  which,  on 
account  of  their  inherent  difficulty  or  of  some  traditional  error  in  pre- 
vious instruction,  generally  appear  to  give  most  trouble  to  the  student. 

Particular  emphasis  has  been  laid  on  the  importance  of  the  quan- 
titative side  of  chemistry.  Where  purely  qualitative  experiments  have 
been  introduced  it  has  been  done  largely  with  a  view  to  relieving  the 
over-crowding  at  a  too  limited  number  of  balances  (one  to  five  students). 

Especial  attention  has  also  been  given  to  the  method  of  note-keeping 
in  the  liboratory,  as  it  is  believed  that  the  habit  of  accurately  and  hon- 
estly recording  all  observations  is  one  of  the  most  important  results 
of  a  laboratory  training.  The  use  of  Arabic  numerals  has  been  avoided 
in  numbering  the  experiments  and  sections  of  the  book,  so  as  to  prevent 
confusion  with  the  student's  individual  system  of  numbering  in  his 
note  book,  where  Arabic  figures  are  the  more  convenient. 

Although  much  has  necessarily  been  left  to  personal  instruction, 
it  is  intended  that  the  student  shall  follow  all  the  directions  given  in 
the  book.  These  have  been  purj'osely  distributed  among  the  theoretical 
discussions  so  that  they  cannot  be  found  without  careful  reading.  More 
concise  explanations  of  some  of  the  fundamental  principles,  together 
with  a  few  extra  experiments,  are  given  in  the  appendix.  With  a  view 
to  encouraging  resourcefulness,  the  apparatus  used  has  been  restricted 
to  the  simplest  possible  kind. 

The  experiments  on  qualitative  analysis  (pages  50-58)  are  intended 
only  to  show  the  principles  and  difficulties  of  such  work.  A  short  set 
of  directions  for  the  conventional  separation  of  bases  and  acids  is  given 
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in  I'art  11.  tur  the  l^cmtit  ot  tho^c  >tuiknt-^  wlio  arc  so  unjcirtunate  as 
tn  lia\i.'  iij  jia-s  an  cxaniinatton  in  tliis  Mili)i'ct. 

All  ri-l'(-Tfn>c  to  till'  atonui-  and  niolei  ular  tlic(inc>.  has  licen  avoided, 
not  l.fiaii-c  the  author-  aru  prc'iidu  i.d  a^ain^t  these  excellent  liyi)o- 
thcses.  l)Ul  in  order  to  uiunterait  .i  pri'judue  in  the  opposite  ilirection 
on  the  part  of  the  student--,  A  lart;e  numl.er  of  students  still  ((jntuuie 
to  vumc  to  thi-  UniverMt'.-  with  their  minds  siinply  stutTed  with  atoms 
and  moletules,  whuh  they  take  to  he  the  fundamental  tacts  of  chemistry. 

The  authors  arc  indebted  to  Professor  W.  Lash  Miller  for  his  per- 
mission to  use  the  talilc  tor  separation  of  acids  from  Miller  and  Smale's 
"Qualitative  Analysis"  and  the  exjjcnment  on  the  reduction  "t  per- 
manganate from  "New  Requirements  in  Chemistry  lor  Juni<ir  Matricu- 
lation." 
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PART  I 
COURSE  OF    PRACTICAL  CHEMISTRY 

GENERAL  INSTRUCTIONS 

Before  beginning  any  set  of  experiments  read  over  the  uhole  section 
carefully.  In  many  cases  important  jioints  that  may  modifv  the  whole 
method  of  procedure  are  not  mentioned  until  the  end  of  the  section.  The 
directions,  as  far  as  they  are  given,  must  be  followed  implicitly,  but 
many  details  and  precautions  are  purposely  omitted,  and  must  be  thought 
of,  or  found  out  by  experience,  by  the  student.  The  work  should  not  l>e 
done  hurriedly.  There  is  only  one  allowable  method  of  hurrying, 
namely  by  carrying  on  several  experiments  simultaneously  so  that  there 
may  be  no  time  wasted.     The  habit  of  doing  this  should  be  acquired 

On  keeping  notes.  Page  the  note  book  before  beginning  work  and 
date  the  account  of  each  day's  experiments.  Record  all  operations  and 
observations  on  the  right  hand  page  of  the  book  and  reserve  the  left  side 
for  calculations,  conclusions,  etc.  Number  all  experiments,  parts  of 
experiments,  summaries,  etc.,  consecutirely  throughout  the  year,  with 
Arabic  numerals,  and  head  each  experiment  and  part  with  a  short, 
concise  underlined  title,  which  will  show  clearly  the  object  of  the  work. 
Always  record  quantities  of  materials  used,  even  when  these  are  only 
roughly  known.  Record  "  bad  "  results  as  well  as  "  good  "  ones,  rem.em- 
bering  that  the  correct  result  is  always  the  one  you  actually  get  and  not 
necessarily  the  one  you  expect.  All  records  must  be  made  in  the  labora- 
tory, during  the  progress  of  the  experiments.  There  is  a  temptation  to 
write  results  on  scraps  of  paper  with  the  intention  of  copying  them  out 
later  in  the  note  book.  This  should  never  be  given  way  to.  Full  con- 
clusions must  be  drawn  from  the  experiments  and  wntten  in  the  book, 
and  any  questions  suggested  in  the  text  should  be  considered  and  answers 
thereto  written.  From  time  to  time  short  summaries  should  be  made, 
where  possible,  in  tabular  form.  Neatness  is  of  course  desirable,  but 
fulness,  clearness  and  accuracy  are  of  much  greater  importance. 
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si:cTio\  I 

SOLUTION    AND    CRYSTALLISATION 

Exp.    t.      Rixrystallisation  oj   impure  copper    sulphate    {blue  stone). 
Grind  the  suhstariLe  fine  in  a  mortar,  transfer  it  to  a  beaker  and  add 
sufficient  water  to  dissolve  most  of  the  material.      (Avoid  addition  of  too 
much  water.)     Filter  the  liquid  obtained,  using  a  long-necked  funnel, 
and  collect  the  clear  solution  (•'  the  filtrate")  in  a  flask  or  beaker.     The 
filter  paper  shouki  fit  closely  m  the  funnel,  and  care  should  be  taken  not 
to  fill  the  funnel  to  within  less  than  three  millimetres  of  the  top  of  the 
paper.     The  paper  should  be  moisteneii  with  distilled  water  before  filter- 
ing.    Next  evaporate  the  clear  filtrate  in  a  porcelain  basin,  using  the  sand 
bath  and  Bunsen  burner.      (If  the  liquid  does  not  remain  perfectlv  dear 
it  must  be  re-filtered.)     The  liquid  may  be  allowed  to  boil  quietly  at  first, 
but  when  the  solution  becomes  more  concentrated   the  heat  'must  be 
reduced  to  prevent  the  substance  spurting  over   (■bumping '■).     From 
time  to  time  transfer  a  few  drops  oi  the  liquid  into  a  drv  test  tube  with  the 
aid  of  a  glass  tube,  cool  them  under  the  w.iter  tap,  and  shake  vigorously. 
If  crystals  of  copper  sulphate  are  seen  t.)  separate  in  the  test  tube  the 
evap  Tation  has  procce.icd  far  enough,  and  the  whole  of  the  liquid  must 
be  transferred  to  a  beaker  and  cooleil.      If,  o-i  the  other  hc.nd,  the  licjuid 
remains  clear,  the  evaporation  must  proceed  farther.      If  the  few  drops  in 
the  te-t  tube  change,  uj.on  cooling,  almost  conipletelv  to  a  solid    the 
evaporation  has  gone  too  far  (Whv  ;-)  and  a  little  water  must  be  added 
to  the  liquid  m  the  dish  before  cooling.     When  the   liquid  is  completely 
cold,  pour  It,  together  with  the  crystals,  into  a  fresh  filter  and  allow  the 
fluid  part  to  drain  off  as  much  as  possible.      Fmallv  transfer   the   moist 
crystals  to  a  piece  of  coarse  filter  jiaper  and  dry  them  by  pressure.     When 
dry,  label  the  substance  and  keep  it  as  a  s;iecimcn. 

How  have  the  insoluble  impurities  been  separated  ?  What  has 
become  of  any  soliihU-  impurities  that  may  have  been  i)resent  ?  Whv 
not  dry  the  crystals  by  heat  "' 

While  the  ab,,ve  is  going  on  the  following  experiments  should  be 
made, 

Exp.  '.:.     Shake  a  crvstal  of  pure  .upper  sulphate  ab.mt  the  size  of  a 
pea  m  half  a  te-t  lube  of  water,  and  note  the  time  it  takes  to  dissolve 
Repeat  the  experiment,  having  first  groun.l  the  substance.    Also  compare 
the  rate  of  solution  in  hoi  and  col.l  water.      (X,,  chemical  process  takes 
place  instantaneously,   and   all  arc  accelerated   bv   rise  of  temperature 
See  p.    So  ) 


■;(•  ,'3:i.i.>.'V^'   li."! 


SOLUTION    AND   CRYSTALLISATION 

H..tf  T  /";  /''"'"  P""^  POW'iered  copper  sulphate  in  a  test  tube  to  a 
depth  of  about  two  centimetres  and  add  enough  water  to  just  cover  it  Heat 
h.s  to  boding  and  if  after  a  minute  or  so  the  crystals  have  all  disappeared 
add  more  and  more  salt  till  some  remains  solid  in  spite  of  the  boiling 
Then,  alter  allowing  the  liquid  to  settle  for  a  few  seconds,  pour  ofl  the 

doubir  r"  T  "'»"  '"'  '"'"•  ^"'  ""''  "^^"  ^"  ^^^  '^«-  -  -  to 
shakinV  Vi?  n  ."u  '''""  '"'  '"°"  ^^^  ^^^^  ^°  -°'  ^-^'hout 
S.^     f     n  ™    •  "^^^'  ^■go^°'>^ly.     Heat  again,  cool,  and  try  the 

In  i  c:nl  -'"i.^  *"^'  ^^""^  ^^  ^°"'  ^"^^^^  -'P^-^      ^--^  ^"  --Its 
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SECTION'   II 


SEPARATION     HY     SDI.l'TlON 

Exp,  !-,'.  To  ascertain  liiicther  a  mattnal  ts  unijormly  soluble  iit 
xvatcr  or  is  a  mixture  oj  solnhle  and  iusoiultle  suhstajues.  Treat  the  sub- 
stance in  a  beaker  with  (iistillcd  water.  Stir  lor  a  few  minutes  and  filter 
the  Uquid,  being  careful  to  pour  as  little  as  possible  of  the  s.)lul  into  the 
filter.  Evaporate  a  small  drop  of  the  filtrate  on  a  perfectly  clean  watch 
ylass,  held  in  the  fingers  over  the  flame.  If  a  dry  residue  remains  on  the 
glass  repeat  the  treatment  of  the  original  substance  with  distilled  water, 
in  the  beaker,  and  pour  the  liquid  through  the  original  filter  paper.  Test 
the  filtrate  again  lor  a  residue  and  repeat  the  whole  operation  until  either 
no  residue  is  olitained  on  evaporating  the  drop,  or  until  further  washing 
of  the  substance  does  not  appear  to  diminish  the  amount  of  residue 
obtained  on  the  watch  glass  from  the  liltrate.  Evaporate  a  drop  of  dis- 
tilled water  and  a  drop  of  tap  water. 

The  stirring  rod  used  in  the  above  experiment  should  be  covered  at 
the  end  with  a  small  piece  of  rubber  tubing,  otherwise  many  beakers  will 
be  broken. 

Exp.  r.  Investigate  the  second  substance  given  in  exactly  the  same 
manner  as  descrilied  above,  and  record  the  results  and  conclusions. 

Exp.  vi.  Repeat  the  investigation  of  the  latter  substance,  using 
boiling  water  throughout,  instead  of  cold.  What  differences  do  you 
observe  ' 

Care  must  be  taken  to  distinguish  a  .•solution  from  a  suspension. 
When  a  material  is  dissoheJ,  the  liquid,  although  perhaps  coloured,  is  per- 
fectly clear.  When  fine  particles  are  suspended  in  the  liquid  a  turt.iidity  is 
noticeable.  Of  course  the  liquid  containing  the  suspension  may  itself 
be  a  scjlution. 

Compare  the  appearance  of  some  of  the  reagent  "potassium  bichrom- 
ate," diluted  about  hvcfold  with  water  in  a  test  tube,  with  the  appear- 
ance of  the  same  S'llution.  to  which  a  dropi  of  reagent  "  silver  n'' -ate," 
diluted  with  a  little  water,  has  been  added.  The  former  is  a  " .  ution. 
the  latter  a  solution  with  solid  particles  suspended  in  it. 


I';    ' 
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SECTION   III 


EXPERIMENTS     WITH     AIR 

Exp.  I'll.  (Two  adjacent  students  may  work  at  this  experiment 
together.)  Dry  out  two  small  round  flasks  completely  \,y  warming  them 
(well  above  the  flame)  and  drawing  air  through  them  by  means  of  a  glass 
tube.  (Would  simj.ly  warming  the  flasks  dry  them  ?)  Fit  both  with 
corks,  softened  by  gently  rolling  them  under  the  foot,  and  into  one  flask 
drop  a  minute  particle  of  the  white  substance  provided  The  particle 
should  not  be  larger  than  a  grain  of  sand.  Into  the  other  flask  put  several 
pieces  about  the  size  of  a  match  head,  and  cork  both  flasks  tightly.  Also 
place  aside  correspondingly  large  and  small  grains  on  a  piece  ^i  glazed 
paper  Examine  all  these  after  half  an  hour  or  more,  and  note  carefully 
any  changes.     Can  you  account  for  what  you  observe  "' 

In  spare  time  make  a  short  summary  in  your  book  of  the  conclusions 
to  be  drawn  from  experiments  of  Sections  I  and  II,  regarding  the  solubil- 
ity 01  substances  and  the  separation  of  soluble  from  insoluble.  Refer 
to  the  experiments  by  the  numbers  in  your  ouk  notes.  Remember  that 
the  note  book  must  be  intelligible  independently  of  these  instructions. 

Exp.  71(1.  Wash  out  and  dry  completely  a 
sm.all  flask.  Provide  it  with  two  tubes  exactly 
as  shown  in  the  diagram  (Fig.  i),  and  prepare 
two  caps.  A,  made  of  rubber  tube  and  glass  rod, 
for  closing  the  tubes  of  the  flask.  Fill  a  U-tube  to 
within  two  centimetres  of  the  side  tubes  with  the 
same  substance  as  was  used  in  Exp.  vii.  and  in- 
sert wads  of  cotton  wool  to  keep  the  material  in 
place.  Soften  the  corks,  insert  them  firmly  and 
make  sure  that  the  whole  is  perfe..tly  air-tight. 

In  perforating  corks  both  the  borer  and  cork 
should  be  given  a  rotary  motion  and  verv  slight 
pressure    should    be    employed.       A    cork     borer 

should  never  be  used  without  first  making  sure  that  the  previous  boring 
has  been  poked  out  of  the  tube.  The  hole  should  l)e  bored  slightly 
smaller  than  the  glass  tube  to  be  inserted,  and  if  necessar)-  enlarged  with 
a  rat-tail  file. 

Connect  the  U-tube  with  tube  B  of  the  flask  by  means  of  the  rubber 
of  one  of  the  caps  and  suck  air  very  ■  .wly  through  C  for  some  minutes 
with  another  piece  of  tubing.  Then  disconnect,  and  immediatelv  close 
the  tubes  B  and  C  with  the  plugs.     Obtain  a  fresh  sample  of  the  white 
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EXPERIMENTS    WITFl   AIR 


substance  ami  quic  kly  dm],  in  a  nnnute  K'rain  i>l  it  thn)Ui,'li  C,  shaking'  it 
through  the  tube  to  the  bottom  of  tbe  Hask.  Keplace  the  .ap  at  once 
and  leave  the  flask  tor  hall  an  hour  or  so,  or  until  the  next  dav. 

A  good  way  to  put  in  the  grain  without  opening  the  tube  is  as  follows. 
Close  the  rubber  tube  near  C  by  pinching  between  the  finger  and  thumb, 
remove  the  plug,  insert  the  grain  and  rejilace  the  plug  before  releasing 
the  rubber.     The  grain  may  then  be  shaken  down. 
Explain  the  results  y(_iu  obtain 

W'tc.  The  U-tube.  tilled  with  the  material,  is  to  be  kept  for  future 
use,  with  the  side  tubes  closed  by  the  two  caps  jirepared  above.  The 
flask  and  fittings  also  will  be  required  in  a  subsequent  experiment. 

E\p.  ix.  Fit  a  softened  cork  into  a  test  tube,  cutting  ofT  the 
bottom  part  so  that  not  more  than  five  millimetres  project  into 
the  tube,  and  gum  a  narrow  strip  of  paper  lengthwise  on  the  glass. 
Pour  into  the  test  tube  about  4  cubic  centimetres  of  the  concen- 
trated ferrous  sulphate  solution  i>rovided  (not  the  solution  from 
the  reagent  bottle).  An  ordinary  test  tube  holds  from  25  to  -,o  cc: 
5  cc  can  be  therefore  roughly  estimated  by  filling  the  tube  one  sixth  deep 
■with  the  liquid.  (See  gra<luated  vessels  provided  for  inspection.)  Then 
add  about  3  cc  of  solution  from  the  bottle  labelled  p(itas-iuni  hydrate, 
being  careful  not  to  wami  the  tube  with  the  hand.  Clo,<e  the  test  tube, 
shake  it  cciutinually  fnr  five  ininutes,  stand  it  in  an  upright  [losition  till 
the  liquid  has  settled  to  a  definite  surface,  and  make  a  mark  on  the  i)ap.er 
at  the  t(  p  iif  the  liquid.  Next  invert  the  tube  in  .-■  mortar  full  of  water 
and  carefullv  Ino.xen  the  cork  .•■Iv^liily.  but  not  enough  to  allow  the  sub- 
stan(e  to  e.scai>e  into  the  mortar.  Replace  the  cork  (irmly,  under  the 
water,  set  the  tube  upright,  etc..  and  again  mark  the  height  of  the  liquid. 
Repeat  the  shaking  ;ind  other  operations  till  no  nK.re  liquid  enters  the  tube 
on  inverting  it  in   the  mortar. 

Tc<t  the  gas  remaining  in  the  tube  with  a  glowing  pi'iiitcd  match, 
and  compare  the  result  with  that  obtained  with  an  ordinarv  test  tube  of 
air.  What  is  the  ratio  between  the  original  volume  of  air  and  the  volume 
whuh  has  disappeared  .'  Whv  did  the  liquid  cease  rising  in  the  tube  in 
'^pite  of  continued  shaking  ''  Was  a  constituent  of  the  air  entirelv  used 
up,  r  was  the  absoriiing  [.ower  of  the  liquid  exhausted  '  Devise  an 
experiment  to  decide  this  jioint. 


SKCTIOX   IV 

COMBUSTION-    OF    MA(;NKSRM 

A'vp.  V.  To  ditcnniuc  the  Jhiia^c  in  wcnihl  iJwn  nun^nc^ii,,,,  I,  hitnit 
tn  an.  (Du  not  he-in  this  experiment  until  instructed  in  the  use  of  the 
balance.)  Clean  a  porcelain  crucible  an.l  lid  and  heat  them  for  a  few 
minutes  over  the  Bunsen  burner.  When  thorouKhlv  cold  wcij,'h  them 
accurately  on  a  watch  glass.  Clean  about  25  cm  magresium  ribbon 
with  emery  paper,  fold  it  loosely  to-ethcr  and  weigh  it  in  the  crucible. 
Then  heat  the  cruci;.le  and  magne..ium  over 
the  Bun.^cn,  adjusting  the  flame  to  about  the 
height  shown  in  Fig.  2.  The  crucible  must  be 
heated  in  the  i)crforated  iron  square,  and  must 
be  covered  almost  completely  with  the  inserted 

lid,  as  shown,  leaving  an  opening    between    the 

edge  of  the  lid  and  the  crucible   not    more    that 

one  millimetre  in  width.     It  may  take  from  20 

to  30  minutes     to    complete     the    combustion. 

When  cold  weigh  the  crucible   and  contents  as 

before  and    repeat  the   ignition   till   no    further 

change  in  weight  occurs.      (This  is  the  only  sure  "°'  '' 

si.Ku  of  complete  combustion.^       Keep  the  resulting  substance  for  use  in 

Section  V,  which  may  be  proceeded  with  in  spare  ame. 

Exp.    .XI.     Repeat     the    whole    experiment,     using    about    i?    cm 

ribbon. 

Record  all  results  concisely,  giving  i-articulars  as  to  time  of  heating 
cooling,  etc.,  and  note,  and  give  reasons  fc-  anv  precautions  which  vou 
hnd  It  necessary  to  observe,  Spare  time  mav  be  used  also  in  fitting'  up 
the  apparatus  described  under  E.xp.  .xiii.  p.  10. 

Xotes.  The  change  which  takes  place  in  this  experiment  is  a  com- 
bmation  of  the  oxygen  of  the  air  with  the  magnesium  to  form  a  new 
substance  called  magnesium  oxide.  The  crucible  is  heated  before 
we.ghmg,  in  order  to  free  it  from  dust  and  to  have  its  surface  in  the  same 
state  oj  moisture  as  when  it  is  weighed  subsequentlv.  Glass  and  porcelain 
objects  exposed  to  the  air  become  covere.i  with  a  film  of  moisture  which 
affects  their  weight  considerably.  As  this  film  begins  to  form  again 
after  the  crucible  cools,  it  is  necessary,  when  great  accuracv  is  required 
to  make  all  weighings  at  the  same  inter^-al  of  time  after  heating,  a  good 
method  being  to  leave  the  object  in  the  room  where  the  v-ighmg  is  done 
for  at   least   five   minute,   alter  it    is   thoroughlv  cold.     The  difference 


COMBISTION    OF    MAGNESU'M 

between  the  weight  of  a  cnuible  jit.'.t  cooled,  and  the  wei^'ht  five  minutes 
later  may  \>c  as  much  as  0.003  ^-'      This  mij,'ht  lie  tried  m  spare  time. 

If  the  crucible  is  not  sutticiently  covered  while  fumes  will  lie  seen 
escaping.  These  are  caused  by  the  metal  evaporating  and  the  vapour 
oxidisinK  outside  the  crucible.  If  the  crucible  is  covered  too  closely 
the  access  of  the  air  is  hindered  and  the  combustion  takes  place  very 
slowly  After  the  first  few  minutes  there  is  not  so  much  fear  of  the  metal 
vaporising  and  the  flame  may  be  slightly  raised. 

The  object  in  using  the  square  of  metal  and  in  inverting  the  lid  is  to 
prevent  the  fumes  from  the  gas  flame  from  entering  the  crucible,  where 
they  Would  react  with  the  magnesium  and  dcjiosit  carbon.  If,  after 
cooling,  the  crucible  should  be  found  to  be  jammed  in  the  iron  square 
it  may  be  loosened  by  placing  it  carefully  on  the  table,  steadying  it  with 
the  hand  and  pressing  the  squa;e  downwards. 

In  each  experiment  calculate  the  amount  of  oxygen  which  comliines 
with  a  unit  weight  (i  g)  of  magnesium,  and  calculate  the  per  cent,  effect 
on  these  values  produced  by  an  error  of  0.001  g  in  the  weights  of  the 
oxide  found  (see  Appendix,  ]>.  84).  All  calculations  should  be  made  on 
the  left  page  of  the  note  book,  as  it  is  of  great  advantage  to  have  the 
actual  work  of  a  calculation  accessible  in  case  of  possible  search  for  an 
error      The  habit  of  using  logarithms  should  be  acquired. 

Would  >our  results  justify  you  in  thinking  that  the  same  amount  of 
oxygen  always  combines  with  a  definite  amount  of  magnesium  ? 

What  possible  sources  of  error  are  there  in  this  experiment  ? 

Make  a  summarv  of  the  results  (jf  the  two  experiments  as  follows  : 

No From   Exp 

Wt.  of  Mag'm...        Wt   of  Mag..  Cruc,  Lid,  and  Watch  Glass 

after minutes  heating    - . g  . 


g  O.yygeii. 


Ko. 


Wt.  of  Cruc,  Lid.  and  W.  G. 
Hence  Wt.  vi  Magnesium  Oxide  .  ,  . 

Wt.  of  Magnesium 

Hence  Wt.  of  Oxygen  absorbed  .  .  . 
Therefore  ^  i,'   .\Iai^)!esiH>H  combined  with  .  .  .  .  - 

From  F.xp 

Wt.  of  Mag'm 

(Retiird   results  as  above.) 
,  .  .  .  F.fjcct  oj  experimer.tJl  error  : 

In  Exp.     an  error  ot"  o.ooi  g  m  wt.  ot  oxide  causes  an  error 

in  the  above  result  of 

In   Exp.  .  tb.c  same  error  cau-e^   an  error  of 


-     cr 
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PKOl'KKTIES    OF    MAGNESIUM    OXIDE 

Exp.  Ml.  Remove  the  whole  of  the  white  magnesium  oxide  from 
the  cmuble  (Exp.  v  or  .xi).  place  it  in  a  test  tube  and  add  a  Httle  water. 
Shake,  and  note  if  any  apparent  change  occurs.  Allow  the  solid  to  settle 
and  taste  a  drop  of  the  liquid.  Then  add  about  a  quarter  of  a  test  tube 
of  dilute  hydrochloric  acid  and  warm.  There  is  generally  a  small  quan- 
tity of  black  insoluble  substance  (carbon  from  the  flame) ;  if  so,  this 
should  be  filtered  out.  Pour  the  whole  of  the  liquid  into  an  evaporating 
dish,  previously  weighed  to  o.oi  g,  and  heat  gently  till  the  sub.stance  has 
boiled  dry,  but  not  longer.  (How  can  you  separate  the  whole  of  the 
liquid  from  the  filter  paper  '     See  E.xp.  iv.  p.  4.) 

Is  this  substance  still  magnesium  oxide  ?  Weigh  it  roughly  (i.e.,  to 
O.OI  g).  Put  some  of  it  in  a  test  tube  and  add  a  little  water.  Does  it 
beha'-e  like  magnesium  oxide  f  Taste  the  liquid.  Weigh  the  rest  of  the 
solid  in  the  -iish  roughly  and  leave  it  exposed  to  the  air  over  night,  or 
breathe  on  r.  I'tr  a  few  minutes,  and  note  any  change  that  occurs.  Is 
there  any  change  in  weight  ? 
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SKCTIOX   \1 
ciiKMicAL  ^^■I)sr.\^•(•f•;■^.       Tin;   tomposition  of  watkk 

One  inijiortant  conrh.  u,n  from  the  last  experiments  is  tliat  the 
composition  of  ma^'nesinm  (ixidc  is  always  the  same,  in  spite  of  the  fact 
that  n(j  -pci  lal  prnautions  were  taken  to  perform  all  experiments  at  the 
same  temperature  an.l  to  allow  always  the  same  amount  of  oxy^-en  to 
enter  the  iruciMe.  In.iee.l.  it  mif,'ht  he  shown  that  the  compo.-ition  of 
the  thin  la\er  of  oxide  on  the  ril>ti(jn  fomieil  l>y  loni;  exposure  to  the  air 
at  ordinary  temperature  is  also  exactly  the  same,  naiiielv,  i  i,'  mai,'ne^ium 
to  0.65  ^'oxvgen. 

Suljstances  such  as  this  whose  comjiosition  does  not  vary  >,'raduallv 
with  the  conditions  under  which  they  are  jjroduccd  are  called  ci:euth-  il 
snhstaihfs,  or  better,  chemical  iitdinduals.  It  is  important  to  rememlier 
this  deiinition. 

The  sulistance  formed  l.y  ad<lition  of  hydrochloric  acid  to  the  mag- 
nesium oxide  is  ;dso  a  chemical  individual,  althou^jh  this  cannot  he  shown 
very  well  hy  your  experiments,  as  it  tends  to  decomjiose  on  heatinj^.  It 
is  known  as  ma>,'nesium  chloride,  and  is  one  of  a  larj:;e  class  of  materials 
(salts)  ohtained  hy  the  action  of  an  acid  on  the  oxide  of  a  metal.  Mag- 
nesium chloride  has  the  property  of  absorbing  water  vapour  very  readily 
ami  may  he  used  for  removing  moisture  from  air  and  other  gases.  The 
white  substance  used  in  Exp.viii  was  a  similar  material,  calcium  chloride. 
Eyp.  xiii.  The  composition  of  water.  When  a  current  of  electricity 
is  passed  through  water  the  water  gradually  disappears,  and  two  gases 
called  oxygen  and  hydrogen  are  formed  in  its  place.  Hvdrogen  maybe 
made  to  recomh.ine  with  oxygen  {i.e..  may  be  burnt)  and  water  is  re- 
formed. The  object  of  the  following  experiment  is  to  determine  the  ratio 
by  weight  in  which  hydrogen  and  oxygen  combine  to  form  water. 

Set  up  an  ajiparatus  as  in 
Fig.  3.  Hydrogen  mav  be 
generated  in  the  tiask  A  hy 
bringing  together  granulated 
zinc  and  dilute  sulphuric  acid. 
The  hydrogen  gas  which  is  given 
off  will.  Iiowever,  be  "moist," 
!.i'  ,  It  will  be  mixed  with  some 
water  vapour,  which  must  be 
removed  b}-  bubbling  the  gas 
C  c(jntaining  concentrated  suli)huric  acid,  a 
substance    like    magnesium    chloride    having    the  power  of    absorbing 

10 


tlirough    the    b.otlie 


THE    COMPOSITION    OF    \VATi;r 

WiiftT  v.-ipour  This  ln.ttlf  should  idiit.nn  ^lass  marMt--,  to  iircvcnt  the 
bul.lilfs  rising;  too  ra].i.lly  through  the  hquul.  A  ^niall  [ilu^  of  cotton 
wool  must  \-  inserted  in  thctuKeat  F  toiauh  hquid  .v^nj,'.  fonncd  liv  the 
bursting  (.flmhhlcs  at  the  surface  of  the  acid  in  A.  These  two  vessels,  then, 
constitute  a  generator  of  "drv"  livdic^cn.  In  order  to  l.urn  this 
li\  ilro^'en  to  water  in  mu  h  a  way  that  both  the  wei>;ht  of  oxv^en  used  up 
and  the  weight  of  the  water  fornied  niav  l.e  determined,  it  is  passed  over 
pome  CO). per  oxide,  healed  in  the  hani  j,'la-s  tul.e  1),  This  sul.stancc  is 
somewhat  analo^'ous  t<j  the  maKncMum  oxide  "f  Ei/'  \ii,  and  was  prc- 
j.ared  hy  Lurnin^;  c-opper  wire  in  air.  It  eontains  c;xy;;tn,  which  it  ^ives 
(ifi  readily,  when  hut,  to  liyciroj^'en.  thus  burninj,;  it  to  water  The  water 
vapour  which  is  formed  i)asscs  alon^  the  tiilie,  mixed  with  anv  hvdroKcn 
which  may  remain  unburnt,  and  is  collected  in  the  U-tuhe  K.  whicli  is 
looseh-  hlled  with  calcium  chloride. 

The  amount  of  water  olitained  is  determined  from  the  mcrease  in  the 
weight  of  the  L'-tul.e.  Tlie  quantity  c,f  oxygen  used  tolmrn  the  hvdrojjcn 
is  found  liV  cietermimn^:  the  loss  ,n  weight  ot  the  tui.e  ccjntatnmK  the 
copper  oxide.  The  amcAint  of  hydro^,'cn  which  has  been  burnt  will  he  the 
excess  of  the  weii,'ht  of  the  water  over  that  "t  the  oxy^-en. 

Hefore  proccedinj:  to  the  experiment  it  is  necessarv  to  see  that  the 
apparatus  is  completely  air-tij,'ht.  This  can  l>e  ascertained  hv  testing 
A  and  C  seiiarntely  by  hlowin^  the  licjuid  up  into  the  vertical  tube.  closin;< 
the  o])eninK  into  which  the  air  has  been  blown  and  noting  whether  tlie 
liquid  maintains  its  level  in  the  tube. 

The  lube  ii  musi  next  b.o  disconnected  ;:nd  ;;1  cut  half  hlled  with 
oxide  of  cc.pper,  3  or  4  cm  bcinj;  left  free  at  eacli  end.  and  small  phij,'s  of 
Klasp  wool  beiuK  inserted  to  keep  the  oxide  m  poiition.  As  copper 
oxide  generally  contains  a  little  moisture  it  mu-t  be  tlioroughh-  ed  by 
heatingover  the  Buiiscn  and  drawing  air  through  the  tube.  Thei;  weigh 
both  the  oxide  tube  and  the  calciun,  c  hloride  tube  The  latter  should  be 
weighed  with  the  caps  on  the  openings,  the  rubber  of  one  of  the  caps 
I'emg  used  to  connect  D  and  E,  so  that  any  moisture  collecting  in  it 
during  the  experiment  will  be  included  in  the  subsecjuent  weighing  of  the 
tube. 

The  next  step  is  to  generate  the  hydrogen  by  pouring  dilute  sulphuric 
acid  down  the  funnel  H,  and  exj.cl  completely  the  air  from  the  apparatus. 
The  reason  for  this  is  that  a  mixture  of  hydrogen  and  air  is  extremely 
explosive.  ;ind  most  dangerous  accidents  may  occur  if  the  copper  cjxidc 
is  heated  before  all  the  air  has  been  expelled'  from  the  apparatus.  For 
this  reason  do  not  nRiNc,  a  fi..\me  ne.^r  the  A^p.■'.K.^Tus  until  assured  by 
the  mstruc  tor  that  it  is  sale  lo  cio  so. 


II 


THE    COMPOSITION    OF    WATEK 

("are  imist  lie  taken  in  lii-atini;  tlie  (opper  oxide  that  water  cnniienseH 
in  the  toiwunl  part  ot  the  tuhe  docs  nut  run  liaik  ami  rrai  k  the  >,'I.i.ss 
To  avoid  this,  slopi?  t!ic  tube  'l^wnwanls  a>  shown  in  Fi;^  ;,  When  the 
oxide  a[)pears  to  be  conipleteU  i  i>vered  with  nietallu  c  oppfr.  any  water 
remainini,'  rondensc<i  in  the  tuKe  should  he  i  ari'lully  <lnven  over  hy  i,'entle 
heat  into  the  L  •tiilie. 

Before  di^  on'-.ei  ting  th^'  tuhes  in  onler  to  reweii;h  them,  let  the 
apparatus  n.ol  with  the  current  of  hydrogen  passini;  throu^jh  u  Then 
su(  k  dried  air  throu>{li  t!ie  two  tube-  ^o  as  to  repl.u  e  the  ludro^en  hy  air 
Why  IS  this  necessary  ' 

From  the  results  calculate  how  iinu  li  oxs^'fn  has  cornhined  with  one 
gram  of  lu'dro^'en 

Make  a  list  ol  ail  souf' e^  "f  error  in  this  cxpenn^ent  that  you  tan 
think  of,  st.Uini,'  what  effei  t  e^i  h  would  have  on  t!ie  ""e-ult. 
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nF.Ti:KMISATI()N     i)F    WKIl.lIT    OF     MVnRor.EN     (.IVEV    OPP    WHEN 
MACNESII'M     DISSOLVES     IS     AN     AtU) 

F.xf  \ir.  Vou  liavf  already  iiKiiie  use  of  the  fact  that  zinc  and  an 
a(  ni  reai  t  tn^jether  to  j^ive  off  hyilro^^en  Mo>t  metals  react  with  acids  in 
thi<  w.iv  The  object  of  tlie  following  expeninent  is  to  determine  the 
weight  '1  hydro^,'cn  [,roduce<l  when  a  certain  quantity  of  magnesiun'. 
dissolve-^    in    an    aiii! 

Since  it  i>  very  dirticult  to  \vcij,'h  directly  the  hydro^,'en  evolved,  it 
will  I'c  mure  lonvenient  to  determine  the  A'ss  in  wei^;ht  of  the  acid  and 
mai,'ncMum  caused  li\-  the  removal  of  ;ho  hydro(,'en  If  precautions  are 
taken  at  ncjthin^;  esca|)es  except  the  hvdroijen.  suih  as  water  vapour 
or  add  fumes,  then  this  loss  in  weight  will  be  exactly  the  weight  of  the 
hydrogen  [)roduced.  This  is  liy  no  means  an  easy  experiment,  and  unless 
great  -.ire  is  taken  it  may  have  to  he  repeated  many  times  liefore  an 
a;-curaiy   nf  even    5   percent,  can   be  attained 

Attach  a  wire  loop  to  the  u[iper  end  of  a  clean,  dry  test 
tube.  s(.  that  it  may  be  hung  on  the  hook  above  the  pan  of 
the  balance  Prepare  a  plug  of  cotton  wool  with  a  loop  of, 
wire  niund  it  so  that  it  may  be  easily  inserted  and  withdrawn 
from  the  mouth  of  the  test  tube.  In  another  tt  ;t  tube 
make  a  mixture  of  about  4  cc  of  water  and  an  equal  volume 
of  concentrated  sulphuric  acid.  When  cold,  pour  this  mixture, 
by  means  of  a  funnel,  cirefulb-  into  the  prepared  test  tube  with- 
out wetting  the  sides  of  the  glass.  Then  insert  the  cotton  plug, 
rinse  ufT  the  outside  of  the  tube  with  water,  dry  it  completelv 
with  the  handkerchief,  leave  it  for  five  minutes  in  the 
balance  room  (Why  '  Seep.  7. ).  and  then  weigh  the  tube  very 
accurately  on  tbe  hook  of  the  balance.  Next  drop  into  the 
acid  a  wtii;Iied  i)u;intity  of  cleaned  magnesium  ribbon  (.ibout 
.■(5  I  nil  ti;,'hth-  folded  together,  replace  the  plug  at  once  and 
immediately  hold  the  tube  in  a  gentle  stream  of  water  from  the  tap, 
being  careful  not  to  splash  water  (jn  the  wool.  The  tube  should  be 
shaken  from  time  to  time,  but  not  >ulticiently  to  splash  the  acid  up  to 
the  plug  When  the  evolution  c.f  gas  has  ceased,  remove  the  plug  for  a 
minute  or  so  to  allow  any  hydrogen  remaining  in  the  tube  to  escape, 
and  then  dry  and  weii^li  t-xactly  af  hcjore. 

.Xrtcs.     Sulphuric   acid    cv;iporates   extremelv  slowlv   at   ordinary 
temperatures,  so  that  there  is  no  feai  of  vapour  of  this  acid  es  aping  with 
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the  hydro},'cn.  It  has,  moreover,  the  projjerty  of  decreasing  the  tendency 
I'f  water  to  evaporate  ami  conserniently  very  little  water  vapour  escapes. 
With  rise  of  temperature,  however,  all  licjuids  become  nujre  \-olati!e,  and 
U  is  therefore  necessary  t(j  keep  the  contents  of  the  test  tube  c.n;/,  as  other- 
wise the  heat  ^'iven  out  l>y  the  reaction  W(;uld  firxluce  apprec'aljle  (juan- 
tities  of  steam.  After  the  first  few  minutes  the  reaction  will  '^'o  much 
more  slowly  and  the  coolin;,'  by  water  will  not  be  necessarv.  The  object 
of  the  wool  is  to  catch  the  fine  spray  of  liquid  thrown  up  by  the  hvdr./Jen 
bubbles  breaking  at  the  surface  of  the  solution.  {See  Exp.  xiii  )  Would 
the  cotton  wool  ])revent  the  escape  of  water  vajiour  - 

Frtjm  the  result  of  the  exjieriment  lakulate  how  imnh  Ir.droi^'en 
would  be  eV(jlveil  by  one  gram  of  magnesnim.  Compare  this  value  with 
the  weight  of  oxygen  which  combined  with  ,>;;(-  gram  of  niaL;r.e:-ium. 
{Exps.  X  and  xi.j  What  is  the  ratio  of  these  weights  of  ox\i:cn  and 
hydrogen  '  Compare  this  ratio  with  the  ratio  of  the  weigl,t~  of  oxygen 
and  hydrogen  which  united  to  form  water  (Exp.   xiii). 

Re-calculate  these  ratios  to  the  basis  of  lb  grams  of  ox\-gc:i.  ,•  i-  .  find 
how  much  hydrogen  would  reat-t  with  i6  grams  of  oxvgtn.  li^-w  n-,ui.h 
magnesium  would  react  with  i6  g  oxygm.  how  much  hydrcger.  would 
f'C  evolved  by  that  amount  of  magnesium  which  unites  with  16  g  oxvgen. 
Also  calculate  from  your  results  how  mui. h  water  would  be  forrr.e'i  ir  a 
reaction  in  which  i6  g  ox\gen  take  part,  and  how  much  magnesium  oxide 
would  be  produced  when  id  g  oxvgen  are  inv(^lved. 

Roughly,  what  pier  cent,  error  is  cause<i  m  the  result  (jf  the  above 
experiment  by  an  error  in  weighing  of  0.001  g  -  Compare  this  with  the 
{)ercent.  error  in  Exp.<.  x  and  \!  caused  by  the  same  absolute  error  m 
weighing.      (See   Aiijiemlix,    p.    >S4.) 


SKCTIOX   VIII 

THK    LAW    OF    KEACTINT,    WKICHTS 

T!ic  results  of  the  last  experiment,  taken  in  conjunction  with 
those  of  Exp.s.  X  anil  xiii,  afford  an  example  of  a  verv  important 
princiji^e  \vh  i  h  has  l>yeii  found  to  underlie  all  chemical  reacliinis} 

V'jur  experiments  showed,  narnely,  that  (allowing  for  experimental 
error) : 

(ai  With    one  gram    inagne>ium,    06571;    oxygen    unite   to  form 
oxide  (Exp.  x). 

(I1)  From    one    gram     magnosium   +  acid  0.0S2  g    hydrogen      c  e 
given  of!  {Exp.  vi'r). 

(c)  With  one  '^rani  h\d'iigen.  7  98  g  oxygen  unite    to    form    water 
{Exp  xiii). 
or,  sine  0.082  :  o.f)57  :  :  i   :  7.98, 

with  C.0S2  gram  Indrogcn.  0.657  g  oxygen  unite  to  form  water. 
T1...1  i.;.  the  proportions  of  oxygen  and  hydrogen  which  are  involved  in 
rcactun  with  the  same  weight  of  magnesium,  are  also  the  proportions  in 
which  tlicy  react  together  to  form  water. 

The  relations  will  appear  more  dearly  if  you  reduce  a,  b  and  c  to 
sor.ie  Lommon  standard,  for  instance,  if^  g  ox\gen  : 

24  3')  g  magnesium  combine  with        .  .  itig  oxvgen 

24  .  36  g  magnesium  4-  acid  give  off..    .    2  .02  g  hvdrogen 
2  02  g  hydrogen  combine  with 16  g  oxvgen 

In  other  words,  in  the  t!irec  reactions  investigated,  the  three  sub- 
ftanie:-.  involved  always  take  part  in  the  proportion  of  2.02  g  hvdrogen, 
16  g  oxgyen,  and  24.36  g  magnesium. 

Tht-c  numbers  are  called  Reacting  Weights,  that  of  oxygen  being 
ariitrarily  taken  as  16. 

1(1  IS  the  reacting  weight  of  oxygen  by  agreement.  24.36  is  the 
reaiting  weight  of  magnesium  because  24.36  g  magnesium  react  with 
16  g  ijxygen  and  also  l)ecause  24  .  36  g  magnesium  take  part  iu  a  reaction 
with  2  02  g  hydrogen,  which  is  the  weight  of  hydrogen  that  reacts  with 
16  g  oxygen. 

2  02  is  the  reacting  weight  of  hydrogen  because  2  02  g  hydrogen 
react  with  16  g  oxygen  and  also  because  2.02  g  hydrogen  are  given  off 
from  an  acid  by  that  amount  of  magnesium  (24.36  g),  which  reacts  with 
16  g  oxvgen. 


'  The  term  i^fmi<(j/r^,i(7i,m  is  iisml  here  and  in  the  rest  of  the  Ixmk  to  indicate 

riM.-ti.  ns  in  whi-h  onlv  tltrmual  jniluhi:i,ils  (see  p    so^  an-  invoheri  nr  .iMisidercd. 
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In  a  similar  way  themists  have  determined  the  reactm^,-  weights  of 
all  themual  substances,  .'.p.,  sulphur  3  2.  of),  copper  63.6,  chlorine  ^5.  45 
(Opper  oxide  7(>.f),  etc.,  etc. 

Theimjiortant  Keneral  principle  reicrred  to  above,  which  is  tlie  result 
of  a  great  many  careful  experiments,  consists  in  the  discoverv  thai  the 
reacting;  weighh.  determined  ,i.s  aho-e  described  jor  ererv  eliemual'sHhstaine 
not  only  give  the  proportions  by  :oeii:ht  in  uhuh  these  siibstaiues  take  part 
m  the  particular  cxpernneuts  used  jor  their  determhnitiou.  but  thc-.e 
weights,  or  simple  multiples  <>;  them,  always  represent  the  proportions  1,1 
which  they  react  among  themselves  to  form  other  chemical  substance^  This 
principle  may  be  called  the  I.au'  of  Reacting  Weights.  It  includes  tile  laws 
of  multiple  and  reciprocal  proportions. 

Vou  have  also  .letermined  by  vour  experiments  the  reacting  weii,'ht  <if 
magnesium  oxide  and  of  -.oater.      Vou  found  that  : 

7  .  ()><  K  oxNgen  4    i  ^  hydrijijen  j,'ave  «  .  <;8  g  water  (Exp.  \ Hi, ) 
or,  16.00  K  oxygen  +  2.02  K  hvdrof,'en  K'ave  i»  .02  k  water. 
Here,  iS  ,  02  ,    water  have  reacted  m  a  jjrocess  in  which  16  -  ox>gen 
took  part.      Hence,  uS  02  is  the  reacting  weight  of  water. 

Similarly,  o,f)57  g  ..xy.^en    ~    ig   magnesium    gave    1  .  1657  ^r  mag- 
nesium oxide, 
or,   16  .  00  g  oxygen  *  24  .36  g  magnesium  gave  40 . 3''  g  magnesium 
(jxide. 
Hence,  40.36  is  the  reacting  weight  of  magnesium  oxide. 

Thus,  taking  for  granted  the  law  of  reacting  weights,  it  might  be 
predicted  that  ij  magnesium  oxide  does  combine  chemicallv  with  water 
It  will  do  so  in  the  proportion  of  some  simple  multiple  of  40.  30  g  mag- 
nesium oxide  to  some  .simple  multiple  of  if<  .02  g  water.  '  Chcm'sts 
have  found  that  this  is  the  case,  and  that  the  proportions  are  actually 
40.  36  to  1S.02,  the  simple  multiples  in  this  reaction  being  i  and  i 

In  some  cases  two  substances  will  react  together  in  more  than  one 
proportion.     When  this  happens  it  has  been  found  that  the  one  proportion 
IS  always  some  simple  multiple  of  the  other- -a  special  ca.se,  of  course  of 
the  general  law  o{  reacting  weights. 
For  instance, 
not  only   does    2.02  g    hydrogen   react    with    16  g   oxvgen  to    form 
water,  but  also,  i.oi  g   hydrogen   reacts  with  16  g  oxvgen   to    form 
an  entirely  difTerent  substance,  namely,  hydrogen  peroxide. 

It  IS  evident,  therefore,  that  the  reacting  weight  of  hvdrogen  will 
defend  on  what  particular  reaction  is  chosen  for  its  determination  but 
the  vanous  values  ol.tained  for  it  will  all  bear  a  simple  relation  m  ci^h 
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other.  The  same  anil,ij,'uity  mi^ht  arise  in  the  case  of  other  sukstarnes. 
and  consequently,  owing  to  the  importance  of  having  fixed  numbers  so  as 
to  avoid  confusion,  the  particular  multij/ies  have  t^een  decided  upon  tor 
each  chemical  substance  by  convention.  (For  example,  it  has  been 
found  more  convenient  to  use  i  oi  as  the  reacting  weight  of  hydrogen 
than  the  2.02  suggested  by  the  above  experiments.)  In  the  case  of  the 
elements  (see  Ai)]).,  p.  75),  tlie  particular  reatting  weights  fixed 
upon  are  called  '  International  Atomic  Weights,"  the  term  being  based 
fiartly  on  historical  grounds.  In  the  case  of  compounds  the  least  ambi- 
guous unit  to  employ  for  reacting  weight  is  the  "  Formula  Weight,"  i.e., 
that  represented  bv  the  ordinarily  accejited  che;i.ual  formula.  (See  App. 
f'n  atomic  and  molei  iilar  weights,  p.    75-fi.) 

These  jiart.cular  weights  of  substances'  are  so  imj^irtant  that  definite 
syml)ols  have  been  asngned  to  them.  Thc\-  arc  as  follows  for  a  few  sub- 
stances ; 


RE.^CTINC,     WKIGHT 

Oxygen,  taken  arbitrarily  as  ih.oo 


Hydrogen 

Magnesium 

Magnesium  (Jxide 

Water 

Sodium 

Sulphur 

Copper 

Chlorine 


I  .  01      (2  .02  'i) 

1  S  .  o  2    ( 2  >  I  .  o  I  -)-  1 6) 

3  2  o() 

6,,  .  8 

.^5    45 


SYMHOL 

o 

H 

Mg 

MgO 
H,0 
Na 

t 

S 

Cu  ] 

CI 

(For  coniiiletc  list  of  elements  sec  App.,  p.  88.) 
By  means  of  these  symbols  the  competitions  and  reacting  weight.'i  of 
compfiunds  may  be  represented  very  concisely  and  chemical  changes  may 
be  quantitatively   recorded.      (Chemical  "equations"),   e.g., 

H    -^  CI   =    HCl 
means  that  i.oi  g  hydrogen  reacts  with  35  45  g  chlorine,  giving  36.  46  g 
hydrochloric  acid. 

Write  in  your  note  bo^ks  f)y  means  of  such  symbols,  the  reactions 
of  Exp^.  X.  xii.  .\iii,  and  xir.  as  far  as  the  ittual  experiments  justify 
you  to  do  so  (not  further),  and  give  the  calculations  on  which  you 
base  the  equations. 

These  reacting  weight.':  are  used  by  chemists  as  extremely  convenient 
unii.s  in  which  to  measure  different  substances.     Just  as  we  measure  milk 

'  In  tlu'  fcjlloving  papfs    the   term    rcactirij;  weit^ht   (R\V)   will  be  frequently 
used  l)Oth  for  atomic  and  formula  weipht 
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1. « mud,  „,„„  „,u  .:;;;:;'„:  '''r  •"  '•",""""  '"•™'" 

<<.m,™n:?:,;",H::v,T::;,:'::;:;;?r*"  "'"■ ""  ?'•■'••"  ™« ' » 

o.  .i»  ....,„„,.  „,.o,,,n;:,  ;:",";'::.:;:::,""■■  ""*"  <"™"- »""'"«' 


18 


I 
J- 


--?( 


^-^:-'  ^ 
'■"^■'^l''^ 


si:cTio\  IX 

THE     PKOPKKTIES    AND    COMPOSITION    OP    ACID.-, 

hxp.  \:\  Make  the  following  experiments  with  clilute  hvinK-hlonc 
and,  (hlute  -ulphurir  a^id,  and  acetic  acid,  taking  for  each  test  a  fresh 
quantiiy  ,,i  the  material  in  a  test  tube,  (a)  To  each  add  a  small  piece 
of  magnesium  and  apply  a  match  to  the  mouth  of  the  test  tube,  (b) 
To  each  add  a  small  piece  of  zinc  (c)  Taste  each  after  <iiluting  con.sid- 
erahlv  with  water  and  test  the  'iluted  solution  with  litmus  paper,  (d) 
To  each  add  a  drop  of  silver  nitrate  solution,  an<l  (e)  to  each  a  drop  of 
iiarium  chloride  solution. 

Tabulate  the  results.  In  what  respects  do  the  three  acids  behave 
similarly  •..;,(!  in  what  respects  difforentlv  -  What  constituent  do  they 
appear  to  have  in  common  ' 

hxp.  vrf.  Take  I'ol  more  than  2  re  dilute  sulphuric  acid  in  a  test  tube 
and  add  magner^ium  jiiece  by  piece  until  no  further  effervescence  occurs, 
(lentle  warming  will  hasten  the  process.  (See  p.  So)  Dilute  a  small 
quantity  of  the  liquid  obtained,  with  water,  and  test  the  solution  as  before 
by  taste,  blue  litmus  and  barium  chloride.  What  !)roperties  have  dis- 
appeared with  the  abilit>-  to  give  ofT  '  ydrogen,  and  what  properties  are 
retained  ' 

Evaporate  the  rest  of  the  undiluteil  liquid  in  an  evaporating  dish. 
When  the  liquid  becomes  thick  and  shows  signs  of  "bumping"  (see  5,  p. 80) 
c  over  it  with  a  small  watch  glass  with  the  convex  .side  uppermost.  When 
the  substance  is  completely  dry  remove  it  to  a  clean  watch  glass. 

Fixp.  x:u.  Next  burr  about  25  cm  of  magnesium  ribbon  as  in 
Exp.  V.  It  need  not  be  weighed  and  the  crucible  lid  may  be  left  partly 
open  to  hasten  the  combustion.  Warm  the  oxide  with  not  more  than 
25  drops  of  dilute  sulphuric  acid,  filter,  and  evaporate  the  solution  as 
descnbed  above.  Owpare  this  material  with  the  one  obtained  in 
Exp.  xri.  Dissolve  boih  in  a  little  water  and  test  both  bv  taste,  barium 
chloride  and  a  small  piece  of  magnesium.  Do  the>-  appear  to  be  the 
same   substance  ' 

When  the  solution  obtained  by  dissolving  the  magnesium  in  sulphunc 
acid  was  evaporated,  the  only  sub.stance  given  off  was  water.  (This 
fact  could  have  been  proved  by  condensing  the  vapour  and  investigating 
its  properties.)  It  is  therefore  evident  that  the  white  substance  formed 
contains  all  the  magnesium.  Hydrogen  was  given  ofT  when  the  metal 
dissolved  and  the  solution  lost  all  properties  common  to  acids.  It  is 
theretore  probable  that  all  the  acid  was  used  up  in  the  process,  and  that  all 
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THE    PROPERTIES    AND   COMPOSITION   OF    ACIDS 

the  constituents  of  the  acid  except  hydro^-en,  an.i  perhaps  water,  ren,a,ne,i 
with  the  magnesium  in  the  form  of  the  white  sohd.  When  the  oxide 
dissolved  n.,  hv.lroKen  was  ^iven  off  (ex,  ei-t  poss.hlv  a  few  bubbles 
from  a  httle  unburnt  magnesiuni).  What  <lo  vou  suppose  became  of 
the   hydrogen   in   this   case  ? 
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SECTION  X 


ACIDS,    BASES    AND    SALTS 


The  Vjehaviour  of  the  substances  investi^'ated  in  Section  IX  would 
lead  to  the  view  that  acids  contain  hydrogen,  and  that  the  jjroperties 
which  they  have  in  common  are  probably  due  to  this  common  constituent. 
They  all  gave  off  l.ydrogen  with  metals,  turned  litmus  red  and  ta-sted  sour. 

Another  common  property  of  acids  is  illustrated  by  ExpS-  xvi  and 
xvii.  The  magnesium  reacted  with  >ulphuric  acid  solution,  who^e 
composition  is  represented  by  the  formula  HJSO4 +  xll.,t),  replacing  the 
hydrogen  (which  was  evolved  as  a  gas)  and  producing  magnesium  sul- 
phate solution.  MgS04  +  yH^.O.  When  this  was  heated  the  water  was 
driven  oh  and  dry  magnesium  sulphate  was  left.  If  all  the  materials  had 
been  accurately  weighed,  the  reaction  would  have  been  found  to  be  repre- 
sented by  the  following  e(|uation  (neglecting  the  water  used  as  solvent. 
See  foot-note",  page  35.): 

Mg  +  H^.SO^  =  MgSO^  +  H. 
Similarly,  the  magnesium  oxide  would  have  been  found  to  react  with  the 
acid   according  to  the  equation  : 

MgO  +  H^SO,  =  MgSO^  -r  H^O 
In  this  case  the  hydrogen  is  not  given  off  as  gas,  but  unites  with  the 
oxygen  of  the  oxide  to  form  water,  which  was  evaporated  off  with  the 
rest  of  the  water  originally  present  in  the  acid  solution.  The  oxid  ■ 
which  was  present  in  excess  of  the  amount  necessary  to  react  with  the  25 
drops  of  sulphuric  acid  was  left  unchanged  and  was  separated  from  the 
solution  by  filtration. 

Most  acids  behave  in  this  way.  They  react  with  metals  to  give  sails 
and  hydrogen  gas,  and  with  oxides  of  metals  to  give  salts  and  water,  and  in 
so  doing  lose  all  their  common  properties.  The  oxides  of  metals  which 
react  with  acid  solutions  to  form  salts  are  called  basic  oxides.  Thev  often 
unite  with  water  to  form  hydroxides  (often  less  suitably  called  hydrates). 
These  hydroxides  tuni  litmus  bliu\  Calcium  oxide,  or  lime,  for  instance, 
combines  with  water  to  form  calcium  n'droxide  or  slaked  lime.  (Test 
the  reagent  with  litmus.)  The  reagent  bottle  labelled  "  [potassium 
hydrate"  contains  a  solution  of  the  hydroxide  of  the  metal  potasMum. 
(Test  it  with  litmus.)  The  general  term  base  is  used  for  the  hydroxides 
of  the  metals.  What  are  some  of  the  common  properties  of  solutions  of 
bases  "' 
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SKCTlOX    XI 

MiHAkATION     liV     \()L.\TILlS.U-()\ 


hxp.  x:tu.  S.'liihility  ,,;■  ,oJu,mJ'l.<ruh:  The  ol,ject  of  this  experi- 
ment H  t..  tm,i  hnw  nuuh  .,1  tins  sulvstance  .lissulves  in  a  unit  woiK'lit  ..f 
water  ^;t  ..rdmarv-  temperature.  I'(nv(!er  scjme  of  the  salt  tine,  ami  add 
some  of  it  to  (,ne  tiiinl  of  a  test  tui.e  of  water.  Shake,  and  n.,te  wiielher 
it  all  dissolves  Add  more  and  more  until  hnallv  a  con.sideraMe  quantity 
remains  at  the  l.ottom  undisM,lved,  After  this  shake  for  at  least  five 
minutes  and  then  filter  some  of  the  liquid  into  a  weighed  eru.  ihle  ( .  5  or  20 
drops  are  enough)  Weii^h  quiekly  and  then  evaporate  verv  carefMllv  to 
dryness  on  the  iron  dryin-  table.  {Aivtd  <p!,rti:n:.}  Finallv  cover'the 
cruul.le.  heat  over  the  »un.-,en  burner  and  wei,i;h  Cahulate  the  result 
to  the  unit  weight  of  water.  C<,mpare  this  result  with  vour  neighbour's, 
who  probably  did  not  take  the  same  amount  of  salt  „nd  water  as  vou  did.' 
(What  eonclusions  -) 

Use  any  spare  time,  now  ..nd  subsequently,  m  performing  the  ex[)en- 
m.ents  deseribed  on  page  21,.  Seetion  XII 

h\p.  xix.  Make  a  solution  of  sodium  .  liloride  by  boiling;  an  excess 
of  the  salt  with  water  for  a  couple  of  minutes  in  ,1  test  tube  and  hlterinir 
while  still  hot.  Cool  and  shake  the  liquid.  (Wiiat  onclusions  '  Com- 
pare also  Exp.  lii).  Wherein  do  solutions  ditTer  from  rhemiail  snh.slaiue. 
which  you  have  investigated  ,-  Determine  the  amount  of  salt  per  gram 
of  water  m  this  cooled  solution.      (See  "  Kquilibrium,"  p.  7q.) 

The  reacting  weight  of  sodium  chloride  i.;  ^S  05 -(-35  ,  45  =  58  .  50. 
When  the  proportions  of  salt  and  water  just  foun.l  are  expressed  in  chemi- 
cal units.  If.,  m  reacting  weights,  instead  of  grams,  do  vou  find  any 
simple  relation  between  them  -  Do  not  jump  at  conclu.sion.s,  but  actually 
work  i.;is  question  out. 

The  composition  of  a  solution,  as  well  as  that  of  a  chemical  substance, 
can  thus  be  represented  by  means  of  symbols,  e.g.,  x  NaC\.yH,fi,  but  in 
this  case  we  need  not  expect  to  find  any  simple  relation  between  the 
numbers.  .»  and  .r,  of  reacting  weights  of  the  constituents.  The  law  of 
reacting  weights  applies  only  to  reactions  between  chemical  individuals. 
I.e.,  to  chemical  reactions.     (See,  however,  foot-note  -,  p    t,$.) 


22 


SIX'TION   XII 


I'ROI'EKTIKS  (IF    AyrEllfS    SALT    SdH'TlONS 

hxp  vv,  (Tn  he  d,>iw  111  spare  time).  Add  a  few  drops  of  (a)  *Silver 
nitrate  sol.,  (h)  Barium  nitrate  sol..  (<. )  *lJd  Sulj-huric  acid,  (d)  Am- 
monium sulphide  sol.,  to  small  (juantitics  (about  3  it)  of  solutions  of  tlie 
following  substances,  usinj,'  a  fresh  quantity  of  the  solution  for  eacn 
experiment  : 

*Dil.  Nitric  acid  (Hydr()(.;cn  nitrate).  Copper  nitrate. 

*Uil.  Sulphuric  acid  (Hydrogen  sulphate),      ("ojiper sulphate. 
♦Dil.  Hydrochloric  acid  (Hydro),'cn  c  hloridc,).  Copper  chloride. 
*Acetic  acid  (Hydroj;en  acetate). 
Pcjtassium  sulphate. 
Potassium  chloride. 
*Potassium  bichromate. 
♦Potassium  hydroxide. 
Ammonium  sulphate. 
♦Ammonium  chloride. 

Atnmonium  bichromate. 
♦Ammonium  hydroxide. 

Solutions  marked  *  will  be  found  m  the  ordinarv  set  of  reaj,'ents. 
The  results  are  to  be  briefly  recorded  as  the  experiments  are  carried 
out,  esj)ecial  note  being  made  of  the  quantities  of  solutions  used  and  the 
appearance  of  any  precij)itates  that  may  lie  produced.  The  results  are 
also  to  be  entered  in  tabular  form  on  pages  reserved  for  the  purpose  at 
the  end  of  the  note  bcjok,  and  references  there  given,  bv  number,  to  the 
experiments  in  which  details  may  be  found.  The  following  example 
shows  how  the  tables  should  be  arranged. 


Lead  nitrate. 
♦Lead  acetate. 

Barium  nitrate. 
♦Barium  chloride. 

Barium  hydroxide. 
♦Calcium  sulpiiate. 

Calcium  chloride. 
♦Calcium  hvdroxide. 


Kfifect 

of  Silver  Nitrate  Sol.  on  : 
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PROPERTIES  OK  AyiEOL-S  SALT  SOLUTIONS 

Smi.lar  tables  shoul.i  l,e  ma.ie  out  for  the  other  three  reagents,  and 
aI>o  one  Kir  the  o.lour  of  the  various  .vo/,</io>r,s-. 

In  some  rases  where  the  solution  itself  ,s  hi^'hlv  coloure.l  it  mav 

•e  ne_  es.ary,  in  onler  to  l,e  sure  of  the  colour  of  the  precipitate.  t„  tilt.T 

•ut  the  latter  and  wash  ,t  on.e  or  twice  with  water.      If  this  ..  done 

mention  o,  It  shoul.i  he  ma,.e,  of  course,  in  the  note  book.     Occasionally 

,n  th         ,        Vre^Wc  may  he  produce,!  owin«  to  a  trace  of  impunty 

:^t:::,m~hJ"  ^-"^  ^-^^^^  ''-  '-'  ^^""'"  ^-e-dedlLno^ 

in  1  l^ell '  .  7'T  f  f '"'  ■"''""''''  •'''"  '"  ^''  '""'^  ^  ""'"^^^  °f  'he  solutions 
in  i..lelled  test  tubes  so  that  the  tests  mav  be  made  rap.dlv  m  spare 

moments;   for  instance,  while  waiting  for  the  balance   etc 


24 


and 

nav 
Iter 
ane 
illy 

■ity 
lot 

)ns 
ire 


.s;;(  TiON  XIII 

gl!ANTIIATl\  K     SBPAHATION     By    SOLUTION 

h\p.  XXI  In  SortionXI  you  earned  out  a  "chemKal  analysis  "  in 
that  yiiu  istniiaied  the  amounts  of  salt  ami  water  in  a  solution  containing 
these  two  substances.  The  method  was  based  on  the  tact  that  one  con- 
stituent was  volatile,  if.,  could  be  driven  off  I  y  heat,  while  the  other  was 
not  In  ant.ther  important  method  of  separation  advanta^-e  is  taken  of 
the  ditTerf-nce  in  suiubility  of  the  substances  in  liquuls.  You  have 
already  made  use  of  this  (pialitLitrely  in  Hxp.  t;\  p.  4. 

Make  up  a  mixture  of  aboiil  half  a  j,'ram  each  (accurately  weighed)  of 
common  salt  and  powdered  quartz,  which  is  practically  insoluble  in 
water.  The  <ibject  of  the  e.tpenment  is  to  analyse  this  mixture  and  see 
how  nearly  the  result  of  the  analysis  agrees  with  the  weights  onginally 
taken.  The  soluble  substance  is  to  be  separated  from  the  insoluble  as  in 
Exp.  1; .  The  quartz  powder  must  then  be  collected  on  the  filter  and  dried 
completelv  by  spreading  out  the  paper  tiat  on  the  glass  plate  and  heating 
it  on  the  drying  table.  In  order  to  wash  the  solid  completelv  into  the 
funnel  from  the  beaker,  the  latter  should  be  held  in  a  partiv  inverted 
position  over  the  funnel  while  water  is  squirted  up  into  the  beaker  from 
the  wash  bottle.  For  this  purpose  a  short  piece  of  rubber  tubing  should 
be  inserted  between  the  wash  bottle  and  the  jet,  so  as  to  form  a  Hexible 
j'lint. 

While  the  substance  is  drying  make  the  following  experiment.  Weigh 
a  sheet  of  filter  {)aper,  then  heat  it  for  a  minute  or  two  on  the  drving  table 
ant!  weigh  it  again  What  conclusion  '  Was  there  any  difficultv  in 
getting  the  second  weight  accurately  ' 

When  the  quartz  is  dry  its  weight  must  be  determined.     To  do  this, 
stand  a  weighed  crucible  on  a  perfectly  clean  piece  of  glazed  paper,  and 
scrape  as  much  as  possible  of  the  quartz  irto  it  from  the  filter  with  a  pen- 
knife.    Then  fold    the    filter    pajier    twice 
across  in  the  old  creases  and  once  again, 
n:ll    It   up  tightly    from  the  point  to  the 
outside,     and     twist     the    platinum  wire' 
spirally  round  it.  (Kig.  5.)       Then  light  this 
roll  and  let  it  bum  completely  to  ash,  hold- 
ing It  over  the  crucible  during  the    opera- 
tion.    When     burnt,    shake    it    into    the  F,r, 
crucible,  and    sweep   in,    by    means   of    a 

i  Caution  Articles  of  platinum  should  never  l.e  touched  when  hot  by  any 
ri'chil  (cxcej.t  iron)  a,s  fusible  am.ilijanis  are  verv  easily  formed  It  should  also 
he  rememtiered  that  platinum  is  injured  by  a  sniokv  flame 
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SiX'TlOX   XIV 


'I'KKl  iriTATIllN     iir    (■ 


H'PKR 


It  IS  ,,,tcn  nccessarv  tn  ,ictcrm,nc  tlie  ,)uantuv  of  one  soluMe  .ub- 
stnn.e  in  the  [.reMn.e  ,„  „„o,hor  I„  ii„s  >  a^e  ,t  ,s  ne.essarv  to  convert 
one  ot  them  ,ntu  an  .n^olul.lo  matennl.  the  relation  between  the  we.,-ht  ot 
which,  an.l  that  of  the  sul,stan<-e  to  l,c  -ietennme.l.  .an  l.e  foun.l 

l--xr.  xxn.  Dissolve  a  little  co,,pcr  M.l,,hate  ilixp.  n  in  water,  in  a 
cs  tul.e.  lest  ,t  with  htmus.  Then  a,l,!.  drop  l.v  orop,  potasMu.n 
hydrate  solution,  te.^tin,  after  everv  ,ew  drop,  with 'litmus.  Continue 
a'l'l.n,^'  the  alkali  till  apparentlv  no  further  change  is  produced  Heat 
the  liquid  to  l.oilmK.  filter  the  solution,  tc^t  it  with  litmus,  and  add  a  drop 
more  potas.su.m  hyrirate  tr,  the  filtrate  Add  some  ammonia  Do  not 
tor(,'ct  to  record  quantities  in  all  cases. 

Exp.  xxiii.  Di>solve  a  minute  piece  of  copper  sulpliate  in  a  test 
tube  of  water  and  add  some  ammonia  to  it.  Does  the  presence  of  potas- 
sium hydroxide  interfere  with  the  colour  - 

Was  there  any  copper  sulphate  in  the  tilt  rate  from  Exp  xxii-  Why 
wa.'-^  Me  litmtis  n.,t  tum.d  :  ^^  after  the  first  few  .irops  of  potassiurn 
hydroxide  nad  been  adde<l  to  the  copper  sulphate  '  Whv  did  the  filtrate 
turn  htmus  hlue  "-  Fin,i  out  if  the  black  substance  is  at  all  soluble 
in  water.  (See  Exp    iV.  p. 4,) 
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SECTION"   XV 


I'Klil'ClRTIilN    OF    COPPER    IN    COPPER    OXIDE 

Exp.  xxir.  Tlie  experiments  with  copper  sulphate  (xvii  and  xxiii) 
lead  to  the  conclusion  that  the  whole  of  the  copper  can  be  removed  from 
the  heated  solution  liy  potassium  hydrate  and  converted  into  a  black  sub- 
stance insoluble  in  water.  The  fact  that  there  was  no  copper  left  in  the 
lillrate  shows,  moreover,  that  it  is  not  soluble  in  potassium  hydrate 
solution.  This  substance  is  copj  er  oxide.  (The  blue,  flocky  material 
formed  on  adding;  the  alkali  to  the  cold  solution  was  copper  hydroxide, 
which  on  beini;  warmed  was  converted  into  the  oxide  by  loss  of  water.) 
This  oxide  then  will  be  a  convenient  sulistance  into  which  to  convert 
copper  salts  in  order  to  separate  them  from  other  soluble  materials.  It 
remains  to  be  found  exactly  how  much  copper  is  represented  bv  a  certain 
amount  of  copper  oxide. 

'A'eij^h  out  accurately  about  o.  2  g  of  cleaned  copper  wire,  add  just 
enouj,'h  cone,  nitric  acid  to  dissolve  the  metal,  dilute  t(j  about  100  cc  with 
water,  lieat  nearly  to  boiling,  and  then  add  potassium  hydroxide  solution 
in  slight  excess  of  the  amount  necessary  to  convert  the  topper  completely 
into  copper  oxide,  i.e.,  till  the  liquid  turns  litmus  blue.  It  is  to  be  noted 
that  nitric  acid  does  not  behave  like  other  acids  ii.  'ts  action  on  metals. 
The  reason  for  this  is  that  besides  l.ieing  an  aaJ  it  is  an  ox:J:-iiig  assent, 
that  is,  it  gives  off  oxygen  readily  to  substances  which  are  ea>ily  oxidised 
(see  p.  Hi).  Thus,  the  hydrogen  which  would  otherwise  be  given  ofl  as  a 
gas  is  oxiiiised  to  water  and  the  nitric  acid  is  changed  to  a  bro%vn  gas 
(oxides  of  nitrogen)  which  is  evolved. 

The  cop()er  oxide  must  next  be  separated  completely  from  the  solu- 
tion which  contains  the  excess  of  potassium  hydroxide  and  the  nitric  acid 
whi.  h  was  originally  added,  and  must  then  be  dried  on  the  paper.  (How 
can  the  separation  be  made  complete  "  See  F.xp.  ir,  p.  4.'>  In  burning 
the  filter  paper  some  of  the  coj>pcr  oxide  will  ..ecome  reduced  to  co[)per 
by  the  rarlion  (j|  the  paper.  (Cf.  Action  of  uydrogen  on  copjier  oxide. 
Exp.  xiit.  p.  lib  and  consequently  the  folkjwing  procedure  must  be 
adopted.  Remove  as  much  as  ]>ossible  of  the  oxide  to  a  clean,  smooth 
sheet  of  paper,  then  bum  ifie  filter  and  drop  the  a<h  into  the  criicible. 
To  this  a'ld  one  droj)  of  rone  nitric  acid  ami  warm  gently  till  drv. 
Finally  add  the  rest  oi  the  j)recii)itate  to  the  crucible  and  heat  strongiv 
till  the  weight  is  constant.  (The  nitric  a'  id  liissolvc,;  tlie  copper,  forming 
copper  nitrate  whieh  .Iceotnposes,  on  heating,  into  co[)per  oxide  and 
gaseous  oxides  of  nitrogen.) 
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PROPORTION   OF   COPPER    IN   COPPER   OXIDE 

This  whole  determination,  and  all  others  of  a  quantitative  nature 
must  be  carried  out  :;,  duplicate,  as  little  reliability  can  be  placed  on  a 
smgle  determination,  however  experienced  the  worker  may  be.  The  per 
cent,  difference,  moreover,  in  the  two  results,  gives  an  idea  of  the  probable 
accuracy  of  the  method,  (See  p.  84.)  To  save  time,  the  two  expenments 
should  be  performed  as  far  as  possible  simultaneously. 

Calculate  from  each  experiment  the  amount  of  copper  which  cor- 
responds to  one  gram  of  copper  oxide.     Find  also  the  reaciino  weight  of 
copper  from  the  results.     (The  particular  multiple  of  the  amount  that 
reacts  with  16  g  oxygen  is  taken  as  o>ie  in  this  case,     bee  Atomic  weights 
p.    75)  ' 
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CHEMICAL    REACTU>N    IN    SOLVTION.       ME  ASl' KE  M  KNT   OF    LlyCIDS 

Exp  \xr.  In  Exp.  xri,  p.  19.  it  was  found  that  a  certain  quantitv 
of  sulphuric  acid  would  rcatc  with  a  definite  quantity  of  magnesium 
and  no  more.  Similarly, in  Exp.  .v;  ii'.only  a  limited  cjuantity  of  mas,;nesium 
oxide  would  react  with  a  certain  amount  of  acid.  When  this  point  was 
reached  the  power  of  turning  litmus  red  and  other  acid  properties  disap- 
peared and  a  solution  was  jiroduced  which  was  found  tn  contain  a  salt 
(see  p.  21).  If  these  reactions  had  Iieen  carried  out  under  varving  con- 
ditions of  temperature,  pressure,  etc.,  the  composition  of  the  jirocluct 
■would  have  been  found  to  have  hcen  the  same  in  each  case  (although 
perhaps  the  rate  of  formati(.>n  and  quantity  produced  might  have  been 
different).  The;.' are,  therefore,  t/;t');nVcj/  rautions.  as  di.^tinguished  from 
solution,  in  which  the  composition  of  the  product  varies  with  the  con- 
ditions. (Ci.  Exps.  xriii  and  vi'.v.  and  Ai"ipcndi.x,  p.  75).  It  was  ex])lained 
further  in  Section  X,  p.  21,  that  the  potassium  hydrate  bottle  contained 
a  solution  fif  a  substance  somewhat  analoj^'ous  to  magnesium  oxide, 
namely  the  hydroxide  of  i)Otassium.  Find  hov,-  nany  drops  of  this 
solution  are  necessary  to  exactly  remove  the  acid  projierties  of  20  drops 
of  dilute  hydrochloric  acid.  Try  the  same  experiment  with  40  d.rops. 
See  if  raising  the  temjierature  affects  the  ratio. 

In  order  to  determine  these  and  similar  relations  more  accuratelv, 
it  will  be  necessary  to  have  some  more  accurate  and  convenient  m.ethod 
of  measuring  liq  .  is  than  by  counting  drops.  For  this  jjurpose  make  a 
pipette,  a  burette  and  a  measuring  //cj.vA'. 

The  pipette  should  be  made  from  a  piece  of  glass  tubing  about  i  cm 
in  cJiameter  and  15  cm  long.  One  end  must  be  drawn  out  to  a  fine  point 
in  the  flame  of  the  Bunsen ,  and  a  slight  constriction  must  be  made  about 
5  cm  from  the  other  end.  At  the  narrowest  part  this  constriction  must 
not  be  less  than  5  mm  in  diameter.  The  upper  end  must  be  cut  off 
straight  and  rounded  slightly  in  the  flame  (See  Glass  Blowing,  p.  S5) 
Round  the  constricted  part,  stick  a  narrow  band  of  gummed  paper,  and 
cover  it  with  melted  paraffin.  Fill  the  tube  to  the  top  edge  of  the 
band  with  water,  by  suction,  and  then  run  the  liquid  into  a  test  tube 
previously  weighed  with  a  cork.  (The  last  drop  may  be  blown  out.)  The 
weight  of  the  water  gives  the  number  of  cubic  centimetres  which  the 
pipette  will  deliver.  The  weighings  need  be  made  only  to  a  centigram. 
(Why')  Wi'h  the  help  of  this  pipette  a  definite  volume  of  liquid  can 
be  quicklv  and  accuratelv  measured  out. 
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THE   MEASUREMENT   OF   LIQUIDS 


A  burette  is  an  in>trument  for  measuring  out  varyintj  quantities  of 
liquid.  It  can  he  made  as  follows.  Take  a  tube  about  45  cm  in  length 
and  I  cm  in  diameter.  Draw  out  one  end  to  a  diameter  of  about  5  mm. 
Attach  to  this  end,  by  means  of  about  4  cm  of  rubber  tubing,  a  short 
piece  of  glass  tube  drawn  to  a  fine  point,  as  in  Fig.  6,  having  previously 
inserted  in  the  rubber  an  oblong  bead  of  glass,  made  by  rounding  in 
the  flame  about  5  mm  of  glass  rod.  When  the  burette  is  filled  with 
liquid  this  bead  completely  closes  the  lower  end  of  the  tube,  but  by 
slightly  pinching  the  rubber  at  the  side  the  liquid  may  be  allowed  to 
flow  past  the  bead  and  to  drop  from  the  burette  in  anv  desired 
quantity. 

To  i^raduiUe  the  burette  proceed  as  follows. 
First  stick  a  narrow  strip  of  paper  along  the  whole 
length  of  the  tube,  nearly  fill  the  tube  with  water  and 
make  a  fine  pencil  mark  exactly  at  ihe  meniscus  of 
the  liquid.  Always  read  from  the  same  part  of  the 
meniscus  and  keep  the  eye  at  the  same  level  as  the 
reading  to  avoid  parallax.  The  most  convenient 
part  to  read  from  is  the  lower  edge  of  the  dark  band 
seen  on  holding  a  piece  of  white  paper  behind  the 
burette.  (See  Fig.  h).  \ext  till  the  pipette  with 
water,  allow  it  to  run  out  again,  blowing  out  the 
last  drop  exactly  as  before,  and  then,  closiag  the 
point  (irmly  with  the  finger,  run  in  water  from  the 
burette  till  t!ie  pipette  is  tilled  exactly  to  the  mark. 
(For  this  purpo.se  it  will  be  convenient  to  hang  the  burette  bv  a  string  .  • 
the  shelf).  After  the  liquid  has  had  time  to  run  down  the  walls  of  the 
burette,  make  ;.  mark  on  the  paper  at  the  meniscus.  Repeat  the  operation 
till  the  burette  is  empty,  and  measure  with  millimetre  paper  the  distance 
between  the  various  marks  on  the  tube.  These  will  probably  not  all  be 
exactly  etiual  owing  to  the  tube  not  being  quite  cylin.irical.  For  short 
distances,  however,  the  tube  may  be  assumed  to  be  uniform  in  bore. 
Calculate  the  number  of  millimetres  to  a  cubic  centimetre  in  each  section 
of  the  tube  and  mark  off  the  latter  accurately  on  the  paper,  numbering 
then,  from  the  toj)  of  the  burette.'  The  strip  of  paper  mav  be  made 
water-proof  by  warming  the  whole  burette  by  passing  it  quicklv  back- 
wards  and  forwards  through  the  Bunsen  tiame  and  then  rubbing  the 
pajier  with  a  lump  of  paratTin  wax. 


H 


11  he  position  of  each  mark  shouM  1„>  nn-.-isiircl  from  the  lop  of  thehurett* 
and  not  tn.ni  the  rrcc-.hns;  m.irk  Kv  the  lattiT  niothofl  ,i  largp  .-rrnT-  u-.-iUi  have 
accuMuil.iud  liy  ttie  lime  the  bouom  of  ihe  Lnrette  was  readied. 
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THE   MEASIKEMENT   OK    I.UjllDS 

The  mi-iisuriuii  //(InA- is  made  fmni  a  small  ;Iask  hv  i^umnunK 

a  strip  of  paper  evenly  round  the  nei  k  about  hi;  .iv  down,  and  weit;]i- 
in^'  the  vessel  first  drv,  and  then  tilled  to  the  mark  with  water 

In  iisinj;  t'.e  liurettu  the  f  'llowini,'  precautions  must  be  ■  1  -orved. 
Always  wait  a  minute  or  so  lief'-.'e  making'  the  readings  in  order  to  ;^Mve 
the  liquid  time  to  run  down  the  sides  of  the  glass  The  burette  should 
always  be  washed  out  with  the  solution  to  be  subsequently  u^^.l  in  it. 
Since  the  readings  tannot  be  judged  to  a  greater  accuracy  than  about 
O.I  cc.  at  least  15  or  20  i'  oi  liquid  must  I'c  used  in  each  mea.-urcinent 
tf>  insure  .in  accuracy  of  o  5*^^  .  (See  Apicndix.  p.  S^). 
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.OI.rMETRK-     ANALYSIS 

•'•'/'■  '*■'■  in  il.c  [irriiilinL;  -itIicii  \(iu  toun.l  that  a  dclinite 
quantity  of  pota.  h  .-(luticn  was  R^iuin-.l  tn  romuve  lOinplutt-lv  the  and 
propcrtiL'-  of  a  definite  (luantity  of  hydrorhlorn-  aci<l,  or  to  "neutralise" 
it.  (Juantities  of  a.id.s  and  bases  which  exartly  neutraHsc  each  other 
are  called  •■e<iuivr!lvnt  ciuanlities.'  M.ikc  up  the  '■.H.-winK  solutions  as 
they  are  required.  ■Diluttd  hydrochloru  acid";  i  pipetteful  of  dil. 
hydrochloric  acid  made  uj.  t(,  the  v<.lume  of  the  measuring  tiask  with 
distilled  water;  "Diluted  sulphu'ii-  acid";  i  pijielttful  of  (hi.  sulphuric 
acid  diluted  to  volun-.e  of  measuring  flasl--,  "Diluted  potassium  hvdratc": 
3  pipettefuls  of  pota-.Mum  iiydratc  diluted  to  volume  of  nieasunnj,'  fi.'.sk. 

\Mth  these  solutions  make  the  followinj;  comparisons,  usinf,'  a  lew 
drojis  ol  a  dilute  alcoholic  solution  of  phenol  phlhalem  instead  of  litmus 
paper  for  detenninin^'  the  [lomt  of  neutralisation,  (i)  Find  the  numiicr 
of  cuhic  centimetres.  .1.  of  diluted  In 'irochloric  acid  which  neutrah-e 
I  cc  of  diluted  potassium  hydrate,  (2)  the  numltcr  of  cc,  B.  of  tlie  barium 
hydro.xide  solution  ].rovided  which  neutralise  the  A  cc  of  diluted  hydro- 
chloric acid,  f3)  the  nuniher  of  cc.  C.  of  diluted  sulphuric  acid  which 
neutralise  the  B  cc  of  barium  liyiirovi,]e  solution,  (4)  the  number  of  cc, 
D.  of  diluted  potassium  hydro.xide  which  neutralise  the  C  cc  of  diluted 
sulphuric  acid. 

In  making  these  experiments  the  pipette  should  be  used  for  measur- 
ing out  one  of  the  solutions  into  a  beaker,  while  the  other  solution  is  added 
from  the  burette.  If  much  more  of  one  solution  is  required  than  of  the 
other,  naturally  the  pipette  should  be  cmplf)yed  for  measuring  the 
smaller  volume,  li  must  be  remembered  that  so  manv  pipettefuls  must 
be  taken  that  the  burette  reading  ma\  be  sufticientlv  large  to  ensure 
accuracy.  Kach  comparison  must  be  made  in  duplicate,  or  until  good 
agreement  is  obtained.     Tabulate  the  results  as  follows; 


I  cc  diluted  prtitass,  hvdnix. 
I)  cc 

rc.ict  with 


(    cc  diluted  suli'huric  acid.  .  .react  with. 


.  reacts  with  ...  .4  cc  diluted  hydruchl.  aci 

react  with 
B  cc  barium  h\-droxide  S' 


Can  you  account  for  the  jjeculianty  of  the  result' 
Exf.   XXVI!.      Weigh  out   ac-curatel'c   on   a  watch  glass   about    i   g 
oxalic  acid,  dissulve   '  m  water  and  make  up  the  volume  to  that   of   the 
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V(ii.imi;tkic  walysis 

mca-urirv^'  lia.-k  Find  liow  I'lanv  i\  oi  this  solum  in  road  with  one  cr  of 
the  hanuni  iiv.ln.xule  solution.  The  tornuila  ot  oxalic  aeiii  has  lieen 
found  by  analysis  t(j  l.e  HX.O^, jIT.O.  What  l^  its  reacting  weiglit 
(f(jrmula  weight) '  How  many  reacting  weights  per  litre  are  there  in  the 
solution  you  have  just  prepared'  \ow.  experiments  have  shown  that 
oxahc  acid  combines  with  bariuiti  hydroxide  (to  form  hanum  oxalate) 
in  the  proportion  of  one  reading  weight  of  the  former  to  o>ie  of  the  latter. 
Assuming  this,  calculate  the  nuni'er  of  reacting  weights  of  barium  hy- 
droxide per  litre  in  the  solution  provided. 

It  has  been  found  further  that  the  particular  multiples  ot  the  reacting 
weights  involved  in  the  other  reactions  you  have  investigated  are  as 
follows:  Barium  hydroxide  reacts  with  sulphuric  acid  in  the  proportion 
of  I  R\V  to  I  R\V.  l'..tas-iuiii  hy(1roxide  with  hydrochloric  acid,  i  t<]  i, 
aydrochlonc  acid  with  liarium  hydmxide.  j  to  i,  and  pota.ssium  hvdroxidc 
with  sulphuric  acid,  2  to  i .  Taking  these  facts  for  granted  (which  them- 
seb-es,of  course, are  the  result  of  careful  analysis)  calculate  the  number 
of  RWs  per  litre  of  the  various  chemical  .-uh.stances  in  the  reagent 
solutions 

Xotc.  It  may  be  found  that  phenol  plith;ilcin  does  not  show  the 
"end  point"  sharply,  and  tliat  the  pmk  colour  keeps  fading  as  the  alkali 
is  added.  This  is  due  to  a  little  potassium  carbon:!te  in  the  iiotassium 
hydroxide  soluti.in,  furnied  by  the  absorjition  of  carbnn  dioxide  Ir  mi  the 
air.  Add  to  a  beaker  containing  water  and  phenol  iduhalein  just  enough 
potash  solution  to  impart  a  slight  pink  cob  ur  to  the  liquid.  Then 
breathe  into  the  beaker. 
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LAW    OF    KKACTING    WKIGHTS    IN    S(JLI.-TION 

The  peculiar  result  obtained  iii  Exp.  .vv;'i',  of  the  [jreceding  section, 
may  be  explained  as  iollows'.  When  the  acid  was  neutralised  bv  the 
alkaline  solution  a  complete  reaction  took  place  between  chemical  indi- 
viduals. I.e..  the  whole  of  the  acid  reacted  with  the  .vhole  of  the  base, 
fomiing  a  salt-.  That  this  was  the  cas?  was  IJrc^•cd  by  the  fact  that  at 
a  certain  point  both  acid  and  alkaline  pro](erties  entirely  disapjieared. 
In  all  chemical  reactions  the  quantities  taking  part  are  proportional  to 
simple  multijiles  of  the  re:.ctinK  weights  (p.  lO).  C\>nsequently.  when 
the  potash  reacted  with  the  hydrochloric  acid  it  must  have  done  so  ir 
the  ratio  of  i  R\V  of  potash  to  i  (or  some  simple  multiple)  RW  of 
hydrochloric  aoA.  If.  then,  x  represents  the  number  of  RW's  of  potash 
(KOH)in  I  cc  of  solution,  that  is,  if  .v  is  the  fraction  of  56.16  g  jiotash  in 
I  cc.  there  must  have  been  the  same  number,  .v  (or  some  simple  multiple 
of  ,v)  RWs  of  hvdrochloric  aiid  m  the  A  cc  required  to  react  with  the 
iv)tash.  Similarly,  there  mu^t  have  been  .v  RWs  (or  simple  multiple) 
of  banuni  hydroxide  in  the  Bccof  t)aruim  hydroxide  solution, and  .x  RWs 
(or  simple  multiple lof  sulphuric  acid  in  the  C  cc  of  sulphuric  acid  solution. 
It  is  natural,  therefore,  that  these  C  cc  of  sulphuric  acid  solution  should 
exaaly  react  with  the  i  cc  (or  simple  multi])le)  of  potash  solution.  These 
experiments  afford  another  illustration  of  the  law  of  reacting  weights. 
They  are  also  an  example  of  a  very  important  practical  m.ethod  of  anal- 
ysis, known  as  the  "volumetric"  method. 

From  the  results  of  the  determination  of  the  number  of  RWs  of 
barium  hydroxide  per  litre  in  the  solution  provided  {E.\p.  .\xvii)  calculate 
the  I.  .mber  of  i-ram.s  of  the  substance  per  100  cc  of  solution.  The  formula 
of  barium  hydroxide  is  Ba(OH)^.8H.O.  Try  to  make  up  a  solution 
from  solid  barium  hydroxide  of  the  same  concentration  as  the  given 
solution,  and  see  how  near'.,  it  corresjjonds  with  the  latter  by  "volu- 
metric analysis."     Two  causes  will  prevent  the  result  turning  out  tjuite 


1  This  c.xperiniunt  is  ):i\  en  hero  ,is  an  itltcUralU'ii  of  the  law  of  reacting  weights. 
.\>  .1  matter  of  history,  howeMT,  tlii^  was  one  of  the  tirst  experiments  that  leil 
to  the  discovery  of  the  l,iw 

''This  statemein  is  not  literally  correct.  .An  acid  solution  react,  d  with  an 
alkali^  solution  to  jrive  a  salt  solution,  so  that  >.'.i««-  of  these  subsiaiues  are  re.illy 
chemical  iiiflividuals.  In  such  cases,  however,  it  is  often  ccjnvenient  to  think  o"f 
the  reaction  as  taking  place  independently  of  the  solvent.  The  justilication 
for  this  is  that  the  pure  acid  an<l  jmre  hydroxide  mif:hl  have  been  taken,  water 
added,  the  'alt  formed,  and  fnnilv  the  water  removed  a^jain  l.v  e\  ao.iratiuii 
leaving  pure  salt. 
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aci'uratfh' :  lirstly,  the  hanuin  hvdratt'  will  cdiitain  a  little  >  .iri.i  inate, 
ami  sconillv,  Mine  will  have  lieeome  thanked  tc  another  ciiin]jcain(i. 
Ra(OH)2HoO.  Ipv  evaporation  of  water  into  the  atmosphere.  It  is 
therefore  not  a  t,'ood  substame  to  take  as  a  starting'  pomt  i'<T  \olu- 
metrir  anal\-is,  ir.,  from  whu  li  to  make  ii])  a  solution  entaini  ^  a 
known  numher  oi  RWs  per  litre.     Oxalu'  acid  is  rather  better. 
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VOLl'ME     KEI.ATKiyS    OF    CASES 


The  iinixirtame  of  reattin^'  wiif^hts,  m  c  innectiun  with  ih 


prop 


tions  by  weight  in  whu  h  (.hemical  suhr^tamcs  react  anion^'  their.stlves, 
has  alrcad)-  been  discus-ed  (Seeticjns  VIII  and  Will).  The  following 
two  experiments  will  illustrate  their  importance  in  reference  to  an 
entirely  ditTerenl  law. 

lixp.  xxvt:i.  To  jiv.d  tiic  volume  occupied  by  one  reactiiii^  ueii^lit  of 
hydrogen.  Set  up  an  apparatus  according  to  the  diagram  (Fig.  7). 
The  bottle  B  and  the  tube  D  must 
be  filled  completely  with  water.  C 
IS  a  beaker  weighed  to  o.  i  g  on  the 
rough  balance.  Fill  the  flask  .1  about 
three  quarters  full  of  water  and  drop 
m  about  25  cm  (jf  magnesium  rib- 
bon, cleaned  and  weighed,  and  folded 
together  tightly.  When  the  aj)par- 
atus  is  ready  (air-tight)  ojjen  .-1,  pour 
in  quickly  about  half  a  test  tube  of 
dilute  hydrochloric  acid  and   replace  '    ' 

thf  cork  immL-iiatcly.  The  \olume  of  water  forcec  into  the  beaker  is 
equal  to  the  volume  of  hydrogen  evolved  and  can  be  determined  by 
weighing  on  the  rough  balance. 

Calculate  from  the  result  the  volume  of  hydrogen  at  o°and  760  mm 
pressure  that  would  be  given  otT  by  one  reacting  weight  of  magnesium. 
By  the  law  of  reacting  weights  this  amount  of  hydrogen  must  weigh 
some  simple  multiple  of  its  reacting  weight,  i.oi.  What  multiple  it  is 
can  be  seen  from  your  equatifm  calculated  from  Exp.  xiv,  p.   13. 

'\p.  x.xix.  To  find  the  rolumc  occupied  by  one  reactins,  -d'cii^ht  of 
oxyi^cn.  Weigh  accurately  a  test  tube  containing  al'out  half  a  gram  of 
potassium  chlorate.  This  substance  gives  off  oxygen  on  heating  and 
leaves  potassium  chloride.  Fit  the  test  tube  with  a  well-bored  cork 
and  delivery  tube,  and  connect  the  latter  by  a  piece  of  rubber  tube  to 
the  gas-mea.suring  apparatus  used  in  the  last  experiment.  Next  heat 
the  test  tube  carefully  until  finally  the  moulten  substance  has  become 
completely  solid.  Some  gas  will  have  been  driven  over  into  the  pickle 
bottle  by  the  expansion  of  the  oxygen  in  the  test  tube  bv  heat.  In  order 
that  this  may  not  introduce  an  error  in  the  result  the  beaker  must  be 

'Thi>  sfctioii  may  be  omitted  or  pust[.one(.i  without  affecting  the  continuity 
of  the  course. 
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raised  so  th.-.t  xhv  end  (if  the  tu!>  />  .iips  below  the  surface  oi  tl;e  water, 
and  must  Le  held  in  that  positun;  until  the  aiiparatus  is  (juite  .old  and 
no  more  water  is  sucked  haek  mto  the  tiottle, 

From  the  weight  of  the  water  and  the  deercase  in  the  weight  (,f  the 
test  tube.  uiKulate  the  volume  cx-cuined  by  one  rcactinK  weight  ..f 
oxy^'cn  at  standard  temyierature  and  pressure. 

For  both  experiments  the  temperature  of  the  room  and  the  baro- 
metric pressure  mast  be  known. 

What  relation  do  you  hnd  between  the  reacting  weights  and  vol- 
umes of  the  two  yases  -  The  results  illustrate  a  vcrv  important  general 
law. 
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SOME   EXPEklMhNTS    lo   ILI.l^TKATK    IIIK   INFLfENCE   OF   CONDITIONS 

ON   REACTIONS 

Exf>.  x\x  The  quantities  mentioned  in  the  following  'iirections 
maybe  measured  witli  sufficient  accuracy  in  a  test  tul>e  which  has  liecn 
graduated  into  cubic  centimetres  on  a  strip  of  paper  bv  means  of  the 
burette.     Make  the  following  experiments. 

(a)  Dilute  2  cc  'cad  acetate  solution  to  lo  cc  and  a.hl  lo  drops 
of  dilute  hydroihloric  acid. 

(b)  Repeat  (a)  hcatinj,'  the  solution  to  boiling  before  adding  the 
acid. 

(c)  To  5  cc  barium  chloride  solution  aild  concentrated  hvdrochloric 
acid  drop  by  drop  til!  about  s  cc  have  lieen  added. 

(d)  Dilute  I  cc  barium  chloride  to  5  cc  and  add  the  same  amount 
of  concentrated  hydrochloric  acid  as  in  (c). 

(e)  Dilute  two  drops  of  potassium  bichromate  solution  to  20  cc, 
divide  this  into  two  parts  and  add  to  one  part  2  cc  of  dilute  sulphuric 
acid.     Then  to  both  solutions  add  5  drops  of  silver  nitrate  solution. 

(f)  To  about  3  cc  of  the  following  solutions:  ammonium  chloride, 
calcium  chloride  and  sodium  chloride  (made  by  dissolving  a  little  com- 
mon salt  in  water),  add  3  drops  of  silver  nitrate  solution. 

(g)  Repeat  (f),  but  before  adding  the  silver  nitrate,  add  to  each 
solution  about  3  cc  of  5%  sodium  thiosulphate  solution. 

(h)  To  about  3  cc  of  5%  alum  solution  add,  drop  by  drop,  potassium 
hydroxide  solution  till  about  2  cc  have  been  used. 
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A    KEVKKMHI.K    KHACTION 

The  L-X|,criments  (it-Mril-ed  in  tlu-  last  scitKni  and  others  i)t.rl(miied 
during;  the  luurse  show  that  changes  often  <XTur  in  tlie  nature  of  <ub- 
stan>  es  and  that  these  ehanj^es  .lepcn.i,  to  a  very  lar^'e  extent,  on  vanous 
londitions  surh  as  temperature,  amount  and  eonecntration  of  materials 
and  the  presem  e  ur  al,>em  c  of  certain  sul.stanres  It  is  evident,  therefore, 
that  in  order  to  produce  any  de-ired  result,  the  necessary  conditions 
must  first  he  discovered,  and  further,  m  onier  to  l,e  sure  of  reproducing 
the  effect  in  cjuestion,  these  conditions  must  l,c  rigidly  adhered  to.  A 
study  of  the  ^cnend  principles  which  ^'cvern  chemn  al  reaction  will 
simplify  the  proMcm  of  tir.dinK  "ut  tficse  conditions  in  the  innumerahle 
special  cases  tu  he  met  with  m  the  chemical  lahoratorv  The  following 
experiments  will  serve  to  illu.-,trate  one  of  the  most  important  of  the.-e 
principles. 

hxp.  xxxi  Make  up  a  test  tuheful  of  a  solution  of  potassium  per- 
manganate, so  dilute  that  on  looking  through  the  tuhe  from  end  to  end 
at  a  piece  of  white  paper  a  distinct  light  purple  clour  is  seen  Pour 
this  solution  into  two  test  ruhes  to  exactly  the  same  depth  of  about  5 
cm.  and  compare  the  appearance  on  vie.ving  a  piece  of  white  paper 
lengthwise  through  the  tubes  Add  water  to  one  so  as  to  double  the 
depth  of  the  liquid.  Does  any  appreciable  change  occur  in  the  shade  of 
colour'  Pour  out  the  dilute  solution  till  it  stands  at  the  same  height 
ast.  ••'••,:iuidin  the  other  tube.  What  is  the  apijearance'  It  is  dear  that  the 
colour  of  the  solution  mav  be  used  as  a  measure  of  the  amount  of  potas- 
sium permanganate  in  the  test  tube  If  the  concentration  of  the  solution 
is  halved  and  the  length  of  the  column  looked  through  is  doubled  the 
depth  of  colojr  remains  unchanged.  This  is  preliminary  to  the  next 
experiment. 

P.xf.  xxxii.  Dilute  one  drop  of  ammonium  suljchocyanate  solution 
to  10  cc.  and  one  droj)  of  ferric  chlon<le  solution  to  the  same  volume. 
Mix  these  solutions  together  and  divide  the  mixture  in  four  test  tubes 
so  that  the  depth  of  liquid  m  each  is  the  same.  (On  looking  down  at 
the  paper  through  the  four  tubes  the  sha.ie  should  appear  the  same  in 
each  if  the  solutions  have  been  properly  mixed.)  To  one  test  tube  add 
a  drop  of  ammonium  sulphocyanate  from  the  reagent  bottle,  to  another 
add  a  drop  of  ferric  chloride  from  the  reagent  bottle,  and  to  a  third  add 
five  drops  of  amnioniam  chloride  solution.  Use  the  fourth  test  tube  for 
comparison.  Can  vou  explain  whv  the  addition  hotl-  of  ferric  chloride 
and  of  ammonium  sulphocyanate  should  increase  the  depth  of  colour? 
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The  lullnwin^'  IS  txtretiiclv  inipc^rtant  and  shouM  l.e  rea.l  carefully. 
Tlie  laht  experiments  showed  that  a  red  substance  vas  pn.du.td  hv 
mixiriK  ierric  chloride  s(jluti()n  with  ammonium  sulphocvanate  solution, 
and  further,  that  the  amount  of  a  cciloured  suhstan  e  could  he  judged 
hy  the  depth  of  .  olour  of  the  liquid  h  must  lie  ■  oncluded,  therefore, 
that  the  addition  both  of  fe  tic  ^  hloride  and  of  ammonium  sulphocvanate 
to  the  soIutKjn  produced  mo  ■  ni  the  red  substance.  .\(,w  the  fact  that 
more  ferric  chhjride  produced  more  red  substance  shows  that  in  the 
solution  there  must  have  been  some  ammonium  sulphocyanate  still 
unchanged,  and  similarly  the  formation  of  more  red  sulistance  by  addition 
of  --ulphot  yanate  shows  that  some  unused  ferric  chKjride  was  also  j. resent 
in  the  same  .solution.  In  i;ther  words,  although  ferric  chloride  and  am- 
monium sulphocyanate  react  toj^'ether  ti  form  a  certain  substance,  this 
reaction  is  only  partial,  and  an  t'urease  in  the  concentration  of  either  of  the 
tuo  siihstances  increases  the  eUeni  of  the  reaction.  Xow  from  this  solution 
a  red  substance  mav  be  obtained  with  the  composition  Fe(SC\)3, 
called  ferric  sulphocyanate,  and  also  ammonium  chloride,  NH^Cl.  It  is, 
therefore,  natural  and  I  onvcmcnt  to  supj.o.se  that  the  reaction  in  question 
takes  place  according  to  the  diuation: 

Fed,,     ^     3\H,SC\\         ;^=±         Fe(SCX),     +     3XH,CT 
(ternc  chloride)  (amm.  sulphocyan.)  (ferric  suljihocyan.)  (amm.  chloride) 

and  that,  as  the  reaction  is  not  complete,  there  u-iil  he  sotne  of  all  four 
siihstances  toi^ether  in  a  solution  made  by  mixing  ferric  chloride  and 
ammonium  sulphocyanate  .solutions.  (See  foot-note  '■*.  p.  35), 

In  this  reactior.  an  increase  in  the  concentration  of  the  substances 
on  the  left  side  of  the  equation  increased  the  amount  of  the  ferric  sulpho- 
cyanate (the  red  substance),  and,  of  course,  of  the  ammonium  chloride 
also,  i.e.,  caused  the  reaction  to  firocccd  further  "fror-  left  to  right." 
It  is  not  surprising,  therefcjre,  that  an  increase  m  the  concentration  of 
the  ammonium  chloride.  ,,n  the  right  "hand  side,  should  drive  the  reaction 
"  to  the  left,"  decreasing  the  amount  of  ferric  sulphocvanate,  as  was 
shown  by  the  experiment. 

Such  processes  as  this,  which  go  either  one  way  or  the  other  depend- 
ing on  circumstances,  are  called  reicrsible  reactions,  and  the  equations 
representing  them  are  often  written  with  the  sign  ;^=^  instead  of 
the  sign  of  equality. 
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Almost  all  reactions  in  sol-itioii  are  similar  to  the  one  just  studied, 
liut  the  (icKree  of  incompleteness  is  extremely  varied.  In  every  case,  if 
the  concentration  of  one  of  the  substances  is  increased  in  anv  wa\  (^for 
instance,  by  adding  more  of  it  to  the  liquid),  the  reaction  will  proceed  lur- 
ther  in  that  direction  which  tends  to  use  up  that  substance.  Conversely, 
if  the  concentration  of  any  substance  is  (/'.vmi.vrJ  (for  instance,  1/y  the 
mrterial  falling  <>ut  (jf  the  solution  as  a  solid  precipitate,  or  l.v  its  escaping 
as  a  gas),  the  reaction  will  take  place  in  such  a  way  as  io  jonn  more  of 
that  substance.  In  every  case  the  reaction  proceeds  until  a  definite 
relation  between  the  concentrations  of  the  various  reacting  substances 
has  been  reacheii. 

For  example,  m  the  reaction  between  ferric  chloride  and  potassium 
sulphocyanate,  careful  investigation  of  the  ''olour  of  the  solutions  by 
Gladstone  (1S55)  has  shown  tbat  when  equi  alent  quantities  of  the  two 
salts  are  dissolved  in  water  (i  formula  weight  of  feme  chloride,  FeCl.,,  to 
3  formula  weights  of  potassium  sulphocyanate.  KSCX), about  i  7  per  cent, 
of  them  become  changed  to  f-rric  sulphocyanate  and  potassium  chloride. 
Or,  to  take  a  special  case,  if  5  .  408  g  ferric  chloride  and  q  .  725  g  pot.issium 
suljjhocyanate  be  dissolved  in  a  litre  of  water  these  substances  will  go  on 
reacting  until  1.304  g  ferric  sulphocyanate  and  1.268  g  potassium 
chloride  have  been  formed.'  (How  much  of  each  would  be  formed  if  the 
reaction  were  comi)lete  -)  Addition  of  excess  of  either  one  of  the  origin  tl 
substances  will,  of  course,  make  the  reaction  more  nearly  complete. 

Gladstone  also  arrived  at  the  important  result  that  the  same  quan- 
tities of  the  four  substances  were  produced  whether  he  mixed  equivalent 
amounts  of  ferric  chloride  and  potassium  sulphocyanate,  or  correspond- 
ing quantities  of  ferric  sulphocyanate  and  potassium  chloride.  This  is 
the  criterion  of  true  equilibrium.  (See  Appendix,  p.  79,  and  compare 
results  of  Exps.   xi'iii  and  .ri.r.) 

In  the  ca.se  of  the  neutralisation  of  acids  by  bases  the  reaction  is  very 
nearly  complete,  e.p.,  in  the  process  represented  by  the  equation : 

HCl  +  KOH  >  KCI       +         H,0 

(Tiydrochloric  acid)      (potassium  hydrate)   (potassium  chloride)   (water) 

the  reaction  goes  almost  completely  in  the  direction  indicated  by  the 
arr^v,  so  that  practically  no  acid  or  base  is  left  free. 

When,  however,  sulphuric  acid  is  mixed  with  sodium  chloride  solu- 


In  this  process  equilibruim  is  reached  almost  instantaneouflv  Coinnare 
this  with  the  reaction  between  snli,l  salt  and  water,  in  which  eouilibrium  was 
obtained  only  after  several  minutes  shaking.  {Exp.  xt-iti).  Sec  Appendix,  p  70 
and  p    ho  rr  .  i     /  y 
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tion  (or  any  salt)  a  partial  formation  of  hydrochloric  acid  and  sodium 
sulphate  takes  place.  a<(  ordinfj;  to  the  equation  : 

H.SO,  +    2.\aCJ  ;r^^  2HCI  +   NuoSO^ 

although,  as  all  four  substances  are  colourless,  no  change  is  visible  to  the 
eye.  In  the  foilowmg  experiment  of  a  similar  nature,  however,  the  fact 
that  reaction  takes  place  is  quite  obvious. 

Exp.  xxxiii.  Di.ssolve  a  little  cojiper  oxide  in  cone,  ludrorhloric 
acid.  What  IS  the  colour  of  the  solution  -  M.;ke  up  a  saturated  solution 
of  copper  sulphate,  dilute  about  threefold,  divide  into  two  part.s  in  test 
tubes,  having  a  depth  of  about  4  cm  in  each  tube,  and  add  to  one,  drop 
by  droj),  cone,  hydnuhlonc  acid,  until  about  one  cc  has  been  addwl. 
Explain   the  result. 

One  very  important  a|>plication  of  this  effect  of  coiuciHration  on  the 
final  state  (state  of  equilibrium)  is  the  following.  If  for  anv  cause  a 
product  of  the  reaction  should  be  continurMy  removed  from  the  ;oluti(,n, 
then  the  reaction  will  proceed  continual,  ■  in  the  direction  which  tends 
to  produce  this  substante  until  either  the  cause  is  removed  or- until  the 
concentration  of  one  or  more  of  the  icac  ting  materials  be  omcs  reduted 
to  a  certain  limit.  .Such  a  cause  may  result  either  from  the  "  iiisolti- 
I'lltty"  (slight  solubility  1  of  one  of  the  products  of  the  reaction,  in 
which  case  it  separates  out  from  the  solution  as  fast  as  it  is  formed, 
or  from  the  volatility  of  one  of  the  products  in  which  case  the  sub- 
stance passes  out  of  the  solution  as  a  gas.  In  both  the.se  cases  the 
reaction  becomes  practically  complete.  Ri  .  it  must  be  remembered  that 
the  term  "  complete"  is  only  relative,  as  no  substance  is  strictiv  insol- 
uble, and  that  the  completeness  will  depend  on  the  degree  of  insolubility 
of  the  product  of  the  rc;iction  and  ui)on  the  concentrations  of  the  react- 
ing   substances. 

The  law  relating  to  the  effect  of  concentration  on  reaction  is  called 
the  .\fofs  !.'.'■,■. 
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Make  the  fullowin^  experiments,  considenng  the  results  carefully 
from  the  i>oint  of  view  of  the  discussion  in  the  preceding  section  If  you 
know,  from  any  source,  the  equations  of  the  reactions  involved,  write 
them  in  the  n<>te  hook.  Considering  the  results  of  recent  experiments  it 
will  hardly  he  necessary  to  remind  you  of  the  necessity  of  stating  quan- 
tities in  every  case. 

Where  substances  are  not  otherwise  designated  the  laboratory 
reagent  solutions  are  to  be  understood. 

Exp.  xxxiv.  Dilute  2  cc  lead  acetate  solution  to  20  cc  Dilute  2  cc 
of  this  solution  to  20  cc,  thus  obtaining  a  solution  of  the  original  acetate 
diluted  m  the  ratio  of  i  ;  100.  In  this  way  make  up  a  set  of  four  solu- 
tions of  the  acetate  diluted  in  the  ratios  of  i :  10,  i  :  100,  i :  1000,  and 
I  loooo.  labelling  the  test  tubes  accordingly.  Using  a  fresh  quantity  of 
these  each  time  add  to  about  4  cc  of  each  10  drops  of  the  following  : 
dilute  hydrochloric  acid,  dilute  sulphuric  acid,  potassium  iodide,  am- 
monium sulphide.  The  reagents  should  be  added  drop  by  drop,  and  the 
solutions  should  be  vigorously  shaken  after  each  addition,  as  the  latter 
often  hastens  precipitation.  (Cf.  Exp.  Hi,  and  see  Appendix,  p.  80.) 
Tabulate  the  r-isults.  What  conclusions  can  be  drawn  as  to  the  relative 
solubility  of  the  chloride,  sulphate,  etc  ,  of  lead' 

Exp.  xxx7\  Dissolve  about  half  a  gram  of  sodium  chloride  in  3  cc  of 
water  in  an  evaporating  dish,  and  add  V)  the  solution  about  5  cc  cone, 
sulphuric  acid,  keeping  the  dish  in  the  fume  cupboard.  Dilute  a  few 
drops  of  the  li((uid  with  water  and  add  a  drop  of  silver  nitrate  solution. 
(The  white  ppt  is  silver  chloride  and  is  a  delicate  test  for  the  presence  of 
chlorides,  including  hydrochloric  acid).  Next  heat  the  dish  to  boiling 
for  at  least  five  minutes,  allow  the  liquid  to  cool  completely,  and,  after 
diluting,  again  test  a  few  drojis  with  silver  nitrate  Write  a  full  explana- 
tion of  the  result. 


44 


If 


SECTION  XXIV 

DISSOCIATION    OP    SALTS    IS    WATBR 

On  comparing  the  results  of  the  experiments  of  Section  XII,  p.  23, 
as  recorded  in  your  tables,  it  will  be  seen  that  in  each  horizontal  and 
vertical  column  there  are  sets  of  properties  which  are  identical  throughout 

For  instance,  all  the  solutions  in  the  vertical  column  headed  "Copper"' 
are  of  the  same  shade  of  blue,  and  all  give  black  precipitates  with  am- 
monium sulphide. 

Again,  all  the  solutions  under  "  Hydrogen,"  i.e.,  all  acids,  are  sour, 
turn  litmus  red  and  evolve  hydrogen  with  magnesium. 

Similarly,  in  the  honzontal  rows.the  solutions  opposite"Bichromate" 
are  orange  in  colour,  give  red  precipitates  with  silver  nitrate  and  a  yellow- 
ish green  precipitate  with  ammonium  sulphide. 

All  the  solutions  opposite  "Chloride  "  give  a  white,  curdy  precipitate 
with  silver  nitrate;  and  so  on  throughout  the  table. 

In  fact,  careful  inspection  of  the  tables  shows  that  all  the  properties 
investigated  may  be  divided  into  luv  groups  in  each  case,  a.s-  if  each  solution 
contained  tuv  independent  component  substances,  each  with  constant  charac- 
teristic properties.    (In  these  cases  the  properties  are  said  to  be  "additive.") 

Xomcnclature  of  salts  dissolved  in  water.  The  substance  that  causes 
the  transparent  blue  colour,  and  tbp  b;:.cl;  precipitate  with  ammonium 
sulphide  is  called  copperion  (or  cupricion),  to  distinguish  it  from  copper 
which  IS  opaque  and  red.  The  colourless  substance  which  cau.ses  the 
white  precipitate  with  silver  nitrate  is  called  chloridion,  to  distinguish  it 
from  c  hlorine,  which  is  a  yellow  gas.  Similarly  the  names  of  the  other 
substances  common  to  the  vertical  columns  are;  hvdrogenion,  potas- 
siumion.  ammoniumion,  calciumion  and  bariumion,  and  to  the  horizon- 
tal rows  ;  sulphation,  nitration,  chloridion,  acetation,  and  hydroxidion. 

It  is  also  convenient  to  use  special  symbols  fur  the  chemical  units  of 
weight .  or  reacting  weights,  of  these  so-called  ions.  They  may  be  formed 
by  appending  dots',  in  the  case  of  metals  and  similar  substances  (cations), 
and  dashes'  in  the  other  cases  (anions),  to  the  ordinary  symbols  of  the 
substances.' 

H  .  for  instance,  means  i  .01  gram  of  hydrogenion,  just  as  H  means 
I  01  g  hydrogen.  CI'  means  35  45  g  chiondion,  just  as  CI  means 
35  .45  g  chlorine,  etc. 
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DISSOCIATION    OF   SALTS   IN    WATER 

According  to  this  nomenclature,  for  examj.lc.  aqueous  sfilutions  of 
hydrochloric  acid  cdntain,  besides  the  water,  hydroficnioH  ami  JsIcriJioii; 
aqueous  copper  sulpliate  solutions,  lOppcrio)!  and    sulphatiov.   and  so  on. 

From  the  results  of  the  experiments  (from  Section  XII)  write  down 
the  projiertics,  as  far  as  you  have  ascertained  them,  of  hydrogcnion, 
bariumion,  sulphation,  and  leadion  (plumbicion).  Any  further  pro]>erties 
of  leadion  that  you  may  discover  in  spare  time  mav  he  recorded.  They 
will  he  useful  later 

The  principle  of  additive  properties  and  the  conception  of  ions, 
make  it  very  easy  to  remember  the  properties  <jf  a  HTvdX  many  salts. 
For  when  the  properties  of  a  comparatively  small  number  of  ions  arc 
known,  the  properties  of  the  solution<  of  all  the  various  possible  pairs  can 
be  obtained  by  sim.piy  adding;  t(jj;ethcr  the  two  '■ets  of  properties  for  the 
individual  ions.  It  will  be  seen  later  that  this  generalisation  is  verv 
important  in  chemical  analysis.  It  is  embodied  m  the  theory  of  elec- 
trolytic dissociation,  or  the  ion  theorv. 

What  projicrties  would  you  expect  to  find  in  dilute  solutions  of 
chromic  acid  and  of  cdpper  chromate  '  What  (  ommon  jiroperties  of 
alkaline  solutions  have  you  observed  '  To  what  constituent  w<>uld  }'ou 
attnbute  them  ' 

It  must  be  carefully  noticed  that  the  law  just  discussed.  r,an-:ely, 
that  the  jiroperties  of  salts  (the  term  salt  here  includes  acids  and  bases) 
dissolved  in  water  are  the  sum  of  the  properties  of  iwo  components,  each 
with  constant  characteristic  properties,  applies  only  to  dilute  AtJi'EOUS 
solutions.  What  are  the  colours  of  the  solid  copper  salts  and  the  iilco- 
Iwlii  solutions  of  copper  chloride,  nitrate  and  acetate,  provided  for 
insjection  ? 
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SOMi:    IXl'l-KIMENTS   ON    niSSOCIATK  IN 

The  lollowing  fxiifnincnts  will  lead  to  another  generahsation  of 
great  importance. 

L.xp.  xxxvi.  Prepare  some  of  the  red  solution  of  ferric  sulphocy- 
anate  described  in  Exp.  xxxii,  p.  40.  Take  equal  depths  of  about  3  cm 
each  in  two  test  tubes,  dilute  one  with  an  equal  volume  of  water  and  look 
down  through  both  tui)e.s  at  a  piece  of  paper. 

Exp.  xxxvii.  Take  a  little  copi)er  chloride  (about  2  grams)  and, 
roughly,  twice  the  quantity  of  copper  sulphate.  Dissolve  them  separately 
in  as  Ihtle  water  as  possible  with  the  aid  of  heat.  (The  chloride  will 
require  only  two  or  three  cc.)  .Vote  the  colours  of  the  solutions.  Then 
dilute  both  to  about  20  cc  and  note  the  colours  again 

E\r\  \xx:  111.  Make  uj)  a  little  solution  of  copper  chloride  and  note 
the  change  in  coNsur  produced  by  ad.iing  concentrated  liydrochioric  acid. 

Are  the  results  of  these  experiments  what  _\ou  expected'  Can  you 
tl.ir.k  ct  any  cxplanatMn  <.f  them  ' 
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Al'I'LICATlUN    OF     MASS    LAW   TO   DISSOCIATION 

The  results  of  the  experiments  of  Section  XXV  mi>,'ht  seem  at  first 
sijjht  to  stand  in  contradiction  to  the  generaHsation  arrived  at  in  Section 
XXIV,  natnelv,  that  dilute  aqueous  solutions  of  salts  aijpear  to  contain 
two  independent  component  substances.  (Read  pages  45  and  46  again 
carefully.)  According  to  this  law.  Kijijier  chloride  and  sulphate  solu- 
tions shoulil  lie  tioth  hliw.  (Why  -)  whereas  Exp  v.v.vrn'  shows  that  the 
strong  solutions  of  these  salts  are  ^ree>i  and  hhif  respectively.  A  care- 
ful consideratior  of  the  faits.  however,  leads,  not  to  a  contradiction,  but 
to  an  amplification  and  extension  of  the  pnnciple.  If  it  be  assumed, 
namely,  that  when  a  salt  (or  acid  or  base)  is  dissolved  in  water  it  is  only 
partuillv  broken  up,  or  "  dissociated."  into  two  independent  substances 
— ions—  then  these  facts,  and  innumerable  others  besides,  appear  at  once 
clear  and  connected. 

Let  us  i'on>idtr  some  of  the  facts  from  this  jjomt  of  view. 

(a)  Acids  have  certain  common  jjrojjerties,  but  ])C)ssess  these 
properties  in  varying  degrees  of  intensity.      (Sections  IX  and  X.) 

ExplaiiiUivii.  Everv  acid  is  partially  dissociated  into  two  sub- 
stances. For  instance,  hydrochloric  acid  dissolved  in  water  is  partially 
broken  up  into  hydrogenion  and  chloridion  according  to  the  ei"iuatiun  : 


HCl 


\r  -f  CI' 


so  that  the  solution  contains  three  things,  nanulv,  undissociateil  hydro- 
chloric acid.'  hydrogenion  and  chloridion.  Similarly  in  the  tase  of 
sulphuric   acid   and   acetic   acid  : 


HjSo; 


2H 


so/  and   HCHgCO^^^iH    -f  CH3  CO:, 


in  which,  again,  only  partial  dissociation  is  assumed. 

The  common  properties  of  acid  solutions  are  thus  accounted  for  by 
the  presence  of  the  t  on  mon  substance,  hydrogenion  The  varying 
intensity  of  these  common  properties,  or  the  difference  in  "  strengths"  of 

lit  is  unfortunate  that  although  siieci;il  words  have  been  coined  to  designate 
the  ions  intu  which  sulistaiiccs  are  supposed  tf>  dissociate  no  sinij)le  nomenclature 
ha.s  been  introduced  for  the  part  of  the  sul)stance  remaining  un./ii.ta  ij(cJ  When 
it  is  necessary  to  rejiresent  this  part  by  a  chemical  synilxil  it  is  suggested  that 
the  sign  "  be  appended  to  the  ordinary  chemical  formula  i>f  the  compound  The 
sign  HCl",  for  instance,  may  be  employed  for  one  reacting  weight  of  the  undis- 
sociated  part  of  hydrochloric  acid  when  it  is  desired  to  consider  this  part  separ- 
ately. When  the  acui  is  considered  as  a  whole,  withiiut  reference  to  its  (iissociation. 
the  ordinary  firmula  HC"i  should  be  used 
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the  acids  IS  explained  bv  the  varying  extent  of  the  diss<,oation  Acetic 
•K,d  which  tasted  less  sour  than  the  others  and  reacted  less  vmoroush 
with  magnesium  (Exp.  xr.  p.  19),  is  as.umed  to  be  only  slightly  dis- 
sociated, i.e.  to  consist  c/.if/h'  of  undissociatcd  hydrogen  acetate  and  a 
little  hydro^enion  and  acetation,  while  hydrochloric  acid,  and  strong 
acids  generally,  consist  almost  entirely  of  hydrogenion  and  the  other  ion, 
and  contain  verv  little  undissociated  substance.      (See  list,  p.  83  ) 

(b)  Strong 'solutions  of  copper  sulphate  and  chloride  are  cii/ZeTi-H/  in 
colour  while  dilute  solutions  are  the  same. 

Explanation  :   Copper  chloride  is  partially  di^K>ciated  as  follows  : 

CuCl/  =;=^  Cu"  +  2CI' 
Now  according  to  the  mass  law  a  decrease  m  the  concentration  of  the 
undissociated   copper  chloride   will  cause   some  of   the   coppenon   and 
chloridion  to  unite  to  form  more  copper  chloride,  and  a  decrease  in  the 
concentration  of  either  the  coppenon  or  the  chlorid.on  will  cause  some  of 
the  copper  chloride  to  dissociate  into  the  two  ions.     When  the    uiwle 
solution  is  diluted  the  concentrations  of  all  three  substances  are  moment- 
anly  reduced  to  the  same  extent,  i.e..  for  one  substance  whose  concentra- 
tion is  reduced  on  the  left  of  the  equation  tuo  are  reduced  in  concentra- 
tion on  the  right.     The  effect  of  these  two  will  overbalance  that  of  the 
one   and  as  a  final  result  of  the  dilution,  more  of  the  copper  chloride  will 
dissociate  ♦o  form  chloridion  and  coppenon.     Now  undissociated  copper 
chloride  IS  yellow,  while  coppenon  is  blue.     Hence,  the  greater  the  dilution 
the  more  blue  substance  in  solution  and  the  less  yellow. 

Explain  in  the  same  way  the  change  in  colour  that  occurs  on  diluting 
a  solution  of  ferric  sulphocvanate.     (Exp.  xxxvi.  p.  47  ) 

Note.     Ferricion   is   almost   colourless   and   sulphocyanation    quite 

colourless.  .    . 

Try  to  explain  also  the  result  of  Exp.  xxxvw  and  the  precipitation 
of  barium  chlonde  solution  by  concentrated  hydrochloric  acid,  (Exp. 

XXX.  (c),  p.  39)  ^       ,.  ,  ,     .  ,    ■ 

Exp.  xxxix.  Make  a  saturated  solution  of  sodium  chlonde  in  a  test 
tube.'  (See  Exp.  vriii,  p.  22)  In  another  test  tube,  fitted  with  a  cork 
and  bent  delivery  tube,  generate  hydrogen  chloride  gas  by  adding  cone, 
sulphuric  acid  to  dry  sodium  chloride  and  warming,  and  bubble  the  gas 
into  the  sodium  chloride  solution.  There  are  two  gcjod  applicatic:.ns  of 
the  mass  law  in  this  experiment.  Exp^lain  them. 
For  further  illustrations  see  p.  82. 


Pi  S. 
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SEPAKATlDN    AND    IDENTIFICATION    OP    SIHSTANCES 

The  fi^miation  oi  insolnhle  pnrif^ihitf.s  (the  word  ■■  insoluMo  '  is  often 
used  fcr  ■■  ^ll,^rlltly  s(,luhle")  affords  a  means  ui  separating  aii.l  ulenti- 
tymy  the  (HtTerent  ^(nl^tltuents  o{  a  solution  of  several  sul.stanres.  This 
problem  of  ^eparatlnK  and  identifying  is  niurh  simplified  !.v  tlie  pnnc  ii)le 
disru-sed  in  Section  .\X1\',  l,y  virtue  of  which  inanv  substances  (most 
acids.  1  a:e^  and  salts). behave  asif  they  were  iiartlv  dis.HJciated  in  aqueous 
solutic  n  F,;r  instance,  nearly  all  the  salts  of  /,■.,./  may  be  considered 
partly  <iisso>  lated  into  leadion  and  the  ccjrrespondiiiK  a  id-ion,  so  that  anv 
rea,i,'er.t  winch  forms  a  pre.  ipitate  with  /,'.i./;,.)i  will  ^;ive  this  precipitate 
with  nc;.rlv  all  lead  salts.  Similarly,  nearly  all  .snlpli.il.:^.  including 
sulp.hun.  acid,  will  jjive  the  same  precipitate  with  a  rea,i,'tiit  for  siilplnit- 
ti'ir  (Compare  effect  of  barium  chlonde  on  sulphuric  acid  and  nia.!,'no- 
sium  -ulphate,  Exp  .w).  his,  therefore,  possible,  for  instance,  to  >peak 
of  ■'  test.,  lor  lead"  (leadion)  and  '■  te,-,ts  for  sulphuric  acid"  (,^ulphation) 
without  reference  to  the  a.  id  or  ba,e  with  which  they  mav  be  resj-ectively 
connected. 

In  order  to  be  able  to  make  such  separations  and  idcntitiiations,  a 
very  comprehensive  and  detailed  knowledj^'e  of  the  compounds  of  the 
various  bases  and  acids  is  necessary,  especially  in  re^'ard  to  tht,  <o>td,tioi,s 
under  which  these  will  form  precipitates  with  certain  reagents. 

\V;!h  tin-  end  in  view,  make  a  detailed  investij^ation  of  the  reactions 
ol  lead  a.  etate  s(,lutc.n  wuh  the  folk.wm-  reagents  :  Sodium  carb,,nate. 
dil.  hydrochloric  acid,  potasMum  bichroniale,  potaN.-ium  hv<lro.\ide. 
potassium  iodide,  dil.  sulphuric  acid,  and  dil.  nitru  acid.  Some  of  the 
exjienr-Hnts  have  already  been  performed  and  nce.i  onlv  be  referred  to 
here  by  number.  In  each  ca.se  in%-estiKate  the  effect  on  the  reaction  of  ; 
(a)  excess  of  the  reagent,  (]>)  presence  of  nitric  acid,  (c)  euess  of  potassium 
hydroxide,  and  in  the  case  of  the  hydrochloric  acid,  the  effect  of  tempera- 
ture and  concentration.  The  term  "excess"  is  necessarily  somewhat 
vague,  but  the  table  of  concentrations  of  laboratory  solutions,  p.  .S8  will 
help  you  to  decide  in  each  ca^e  what  volume  of  one  solution  will  exactly 
react  with  a  certain  volume  of  another.  The  concentrations  are  expressed 
in  "fonnu!aweif,'hts  per  litre,"'  and,  therefore,  repretient  the  numbers  of 


lT!o  TuirnlaT  ..f  f..niiul,,  u,-iKhts  is  the  nuniluT  nf  fjrams  .in  i(i,-.l  l,v  ttic  re- 
artmK  wcKU  r.-,„vs.M,K;,I  l.y  the  formula  Lt  i„.st,uuc-.  a  s.,luti..n  ./f  sodium 
chloride  with  ^  s^  c    .-...liuin  chlon.ie  (NaCI)  per  litre  \\,<uh]  <r,ntain: 

»3- 05 +35-45  ' 
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reacting  weights  of  the  various  substances  (h-T  Htre  (If  you  are  not 
yet  quite  clear  as  to  why  this  is  so  make  a  jioint  of  having  it  explained  to 
you  )  It  must  be  remembered  that  these  reactmg  weights  will  not  always 
express  the  proportions  in  which  the  substances  in  question  combine; 
but  >(jnie  simple  muliipk  of  these  weights  will  in  every  case  give  the  pro- 
porti'Tis  In  nian\'  cases  you  will  be  able  to  make  a  fairly  safe  guess  at 
the  chemical  e<)uation  (see  "  Valency."  p.  77),  and  therefore  at  the 
multiples  of  these  reacting  weights  which  ex{)ress  the  proper  proportions, 
ri.c  following  illustration  will  make  this  clearer.  Find  how  many 
cc  ilil.  I'.ydrochlonc  acid  sol.  exactly  react  with  1  cc  lead  acetate  sol. 
The  concentration  (jf  the  laboratory  lead  acetate  is  given  in  the  table  as 
0,24  formula  wts.  per  litre:  that  of  hydrochloric  acid  as  4.  \ow  the 
valen.  y  of  lead  is  2  and  chlorine  i  (see  p.  7cS) :  the  formula  of  lead  chloride 
is  therefore  probably  PbCl^,  and  the  equation  is  therefi.)re  pr,ib,ibly 

Pb(C,H,,0^),,  4-    2HCI  =  PbQ,  +  2HCoH,0_, 

or  oi:c  formula  wt.  of  lead  acetate  requires  two  formula  wts,  of  hydro- 
chloric acid.      (Ex[.)eriment  has  shown  that  this  is  the  ca.se.) 

I  litre  lead  acetate  sol.  contains  o.  24  form.  wts.  (by  table) 
.  ■  .  I  cc  lead  acetate  sol.  contains      0.00024   form,   wts, 
.  ■  .  I  cc  lead  acetate  sol.  requires       2  x 0,00024  form.  wts.  of  HCl, 
but  4  form,  wts,  HCl  are  contained  in  1  litre  or  1000  cc  of  lab.  sol. 

2x0  00024  X  1000 

4 
.  ■  .  I  cc  lab.  lead  acetate  sol.  requires  0.12  cc  lab.  hydrochl.  acid. 

Having  ascertained  the  equations  (from  a  text-book  or  otherwise) 
make  a  rough  calculation  of  this  kind  for  each  of  the  seven  reagents,  and 
collate  the  results,  together  with  all  the  observations,  in  the  form  of  a 
table  as  on  p.  52. 

Only  small  quantities  of  the  solutions  should  be  used,  but  they  must, 
of  course,  be  mentioned  in  the  note  book. 

Xotc.  The  addition  of  excess  of  the  reagent  in  many  cases  causes 
an  entirely  different  reaction  to  take  place,  in  which  a  larger  multiple  of 
the  reacting  weight  of  the  reagent  combines  with  the  other  substance. 
(See  law  of  reacting  wts.,  multiple  proportions,  p.  16).  Example  : 
Lead  acetate  and  potassium  hydroxide  react  together  to  form  insoluble 
lead  hydroxide  in  the  proportion  of  one  RW  lead  acetate  to  two  RWs 
potassium  hydroxide,  whereas  if  "  excess"  of  potash  be  used,  one  RW 
lead  acetate  reacts  with  four  RWs  potassium  hydroxide  to  trom  a  soluble 
substance  called  potassium  plumbite,  K^PbOj  . 


.2  ■.  o  0C024  form.  wts.  cont'd  in- 


0.12  cc  lab.  sol, 
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SOLURILITY    TABLES.       PRINCIPLES  OP  UUALITATIVE   ANALYSIS. 
SEPARATION   OP   "CROrp    l" 

The  following  tables,  which  embody  the  results  of  e.\[.cnmenfs 
similar  to  those  .lescribed  in  Section  XXVII,  pve  the  solubilities  o;  the 
commoner  compounds  oi  k,ul.  merntry.  stiver,  copper,  hiswut'n.  and 
cadmium.  The  column  headed  "in  water"  will  applv  also  to  dilute 
solutions  of  salts,  su(  h  as  those  produced  when  the  ordinarv  rcai^'ents 
arc  added  tf.  solutions  of  salts  of  the  metals  in  (luestion 


-      •.      b 


c     c 


.■\cet;ite 

Uromidc 

i"arlK)natc 

rhli>ri(le 

Chnmiatt 

Cyanide 

Kcrrdcyanidr 

I-'frricyanidc 

Hydroxide 

Id'di.lt 

.Vi'rate 

O.ialate 

(Ixidi- 

riiiispliate 

Sulphate 

Sulphide 

SuIpliiH  yanate 

Thid.sulphate 


Acetate 

Brcmiide 

("arlMjnate 

Chloride 

Chromate 

Cyanide 

Ferrocyaniile 

Ferricyanide 

Hydroxide 

Iodide 

Nitrate 

Oxalate 

Oxide 

Phosphate 

Sulphate 

Sulphide 

hulphocyanate 

Thiosulphate 


\Vt 
Wt 


(') 
Wt 
Wt 
Bn 


Wt 
Yw 
Wt 

Bk 

^vt 


Wt 

l.Vw 

LVw 

Wt 

RdBn 

Wt 

V«  Wt 

RdBn 


s  s 

s 


MIkl  I    H'U  !, 


i  Sf 

-     a 


■^ 


i 

1                  ! 

i   s   s 

i 

1       i'  S    S 

i 

s 
s 

i'  i  i('J    i 
S 

s       s 

W't  s(«)  d  s 

Wt  i  d     1     1 

(".vBk        i  d 

W't  i     Bk  d     i     i 

Vw  1     Bk   ,1     i     1 

KC.\  ppts  metal    Hi; 
Wtyl  i     Bk   d 

KdBn        1     Bk   d 

potash  ppts  HkjO 


GnS'w 

Wt 

Wf 

Bk 

WtVw 

Wt 


Bk 


Sf) 
i 


Bk  d 


sC) 


Wt 
Wt 


H^pptsHsSSr  Kg 


s  s  s  s 

S    d 

i      s  ,  S    s 

i       i 

i     S   S  S 

S      i 

i     SS    i 

i       i 

1     S   S    i 

s 

i     S  SS 

d 

i      i   S    i 

(M 

I     S   S    i 

potash  ppts  oxide 

^-      '   i   ,  i   S  :  S    i 

s  :s' 
i  ;s 

i     S 
i     S 

i  is 


LY 

Wt 

Wt 

BnGv 

Yw   " 

Wt 

Bk 

Wt 

Wt 


s,s, 

S|si 

S  ;  S  i 


;i  ; 


s 


MERCCRIC 


Wt 

Wt 
Bn 
Wt 
Rd 
Wt 
Wt 
Yw 


SC) 

s 

S(") 
s 

s 

S(«) 


potash  ppts  oxide 


i     S   S    s 
i(')iS   S    S 


Rd(') 

Wt 

Wt 

RdVw' 

Wt 

YwWt 

nu 

Wt        i 


1    ,       iS    S.  s   ;     IS 
SO       .S       ^  S  :    Iji 
i  not  ptd  from  HgCl, 
s  S  S 

i    '        S         S         S 
s    '        S, 


sC) 


iS^S. 


5a 


SOLUBILITY  TABLES 

.Vr>(«    (.1    Ihf    lahii''   Oft   iippoiili    pag<    and  <i,Uttui>tal   Inji'rinalion 
Ahhri-riiilums       i  vrry  iiisi>lul>lc.  s  slightly  sululilf.  S  soluMt,  <1  deconipost-d, 

Bk  black.  Be  Mue,  Bii  brown,  Gn  ({'■"1.  tiy  gray,  Kil  re<l,  Wt  white,  Yw   ycll<iw, 

L  light,  gl  gelatinous 

The   terni.s   "excess  of   reagent"  and     '<lil    acids  '   are  necessarily   \.igue.    the 

results  often  depending  on  the  nature  of  the  acid  or  reagent. 

(Irganic  substances  in   solution   often   interfere   with   precipitation 

(')      Potiissium  l)ichromate  precipitates  chromatv 

(')      If  the  acid  is  not  very  dilute  red  basic  sulphide  is  precipitated 

Ivir 
All  comp*»unds  heated  on  charcoal  with  sod    I'arbonate  gi^e  metal 
(')      Nitric  acid  changes  ferrocvaniile  into  fcrricyanide 
(')     Sulphide  is  insoluble  in  dilute  acids  ixupt  nitric 
(*)      Thiosulphate  is  changed  by  heat  and  by  acids  'nto  sulphide 

Ammonia  reacts  with  most  com^>ountls  to  form  mercury-ammonium  cont- 
pounds  :  i  g  ,  with  mercurous  chloride  formmg  Hg^NHjCl.  black,  soluble  in 
aqua  regia ;  with  mercuric  chloride  forming  "white  precipitate,"  of  varying  cum- 
positiim,  soluble  in  dil    hydrochloric  acid 

Mercuric  comjKiunds  are  reduced  to  mercurous  by  stannous  chloride  (char- 
acteristic test),  thiosulphates  and  sulphites  Mercurous  compounds  are  oxidised 
to  mercuric  by  aqua  regia,  chlorine,  bromine,  etc 

(')  Soluble  salts  of  mercury,  e.xcept  mercuric  chloriile  and  cyanide,  are 
partially  decomposed  by  water,  forming  insoluble  basic  salts 

(')  Mercuric  sulphide  is  insoluble  in  dil  acids,  including  nitric,  but  is  dis- 
solved by  aqua  regia 

(')      .Mercuric  ioilide  is  precipitated  first  yellow    turning  to  red. 
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PRINCIPLES    CiF   Ql  ALITaTIVE    ANALYSIS 

Milhi'ii  (>/   Sfpiiruttttf^   iiiui   IdftUilyiiii;   Silver,    l.tad   and  M,-r,  itrv  (-oiis 

("  (jtoiip  I") 

On  fxaniinin^;  the  sululnlity  taMis  it   will  he  seen  that   the  only 

ililorules  tiLs,'hilU-  or  ^li^:hlly  si'lidde  in  dilute  aiids  arr  silver,  lead  and 
menurous  chlorides,  'i'his  lad  affords  a  means  <if  >eparatinj,'  ^dvcrand 
mercury   alim<st  n'mplclcly.  and   lead    farludty,   from   the   (.ther   ;.ietals. 

under    certain    conditujns 

Write  in  your  note  Look  any  eonditu.iis  tliat  will  interfere  with  th  s 

eparation. 

Althoii^di.  of  all  the  ordinary  nietal^.  the  three  mertmned  are  the 
only  ones  whc.ise  i  hlondes  are  m-oluhle  in  dilute  ands,  the  addition  of 
hydroihlorie  aiid  to  a  ^oIuti<Jn  may  cau^e  prei  ijiitates  whu  h  are  not  the 
(hlondes  of  any  of  these  metals.  An  example  of  this  yon  have  already 
met  with,  namely,  lianum  chloride  and  eont .  hydrochloru-  aii<i.  '"'ilu- 
tions,  moreover,  such  as  the  fme  obtained  \>y  the  action  of  excess  of  [»  tash 
on  alum  solution  will  give  precipitates  with  hydrochlcjric   aud,  owing  to 

he  neutralisation  of  the  excess  of  potash.     This  jirecipitate.  however 
is  re-(ii>solved  by  the  addition  of  more  acid 

Maving  obtained  a  preciintate  hy  the  addition  of  hydrochloric  acid  to 
a  solution,  the  next  step  is  to  filter  it  out  and  wash  it  thoroughlv  to  free  it 
from  the  adhering  liquid,  which  might  contain  other  substances  whose 
chlorides  are  soluble  in  water.  Cold  water  must  be  use<i  to  avo;  1  dissolv- 
ng  too  much  of  the  lead  chloride.  The  examination  of  the  filtrate  to  find 
cut  when  the  washing  is  complete  is  best  effected  by  testing  for  acid  by 
htmus  paper.  (Not  that  the  acid  itself  does  any  harm,  but  it  is  fairly 
safe  to  assume  that  when  this  is  washed  out  of  the  precipitate  the  latter 
will  be  also  free  from  other  soluble  matter.  Whv  would  it  be  u.seless  to 
test  for  chloridion  by  silver  nitrate  ') 

The  precipitate  thus  obtained  may  contain  the  chlorides  of  K  ad.  silver 
and  mercury  (-ous)  To  sejjarate  these,  advantage  is  taken  of  their 
different  behaviour  with  hot  uatcr  and  with  ^niwioiiia.  (See  above  tallies 
and  your  own  table  for  kad.)  On  treating  the  precipitate  with  hot 
water  the  k\ui  chloride  is  dissolved.'  The  solution  obtained  must  then  be 
tested  for  lead  by  as  many  chardctenstic  reactions  as  possible.  Any 
residue  must  be  washed  repeatedly  with  hot  water  until  the  washings  give 
no  indication  of  lead  with  the  most  delicate  test.  (Which  is  the  most 
delicate  test  for  lead  '     See  E\p.  x\  ur,  p.  44.)     The  residue  so  obtained 

'  The  most  thcjnmgh  way  of  ihssolving  out  one  precipitate  from  another  is 
to  iicrforatf  the  1  otfin  "f  the  filter  with  a  pointeil  niHtch,  wash  tlic  whole  solid 
ihrouKh  into  the  test  tul*  below  and  digest  the  material,  in  the  test  O'-lie,  W'th 
the  sohent  in  (|ii<'stion — in  this  case  hot  water 

55 


I 


ill 


m 


PRINCIPLES  OF  QUALITATIVE    ANALYSIS 


may  contain  silver  and  mercurous  chlorides.  Treatment  of  this  residue 
with  ammonia  dissolves  the  silTer  chloride  (see  table),  and  converts  the 
mercurj'  chloride  into  insoluble  black  mercuro-ammonium  chloride. 
The  ammoniacal  solution,  which  may  contain  silver,  must  then  be  tested 
for  this  metal.  (Look  up  suitable  tests  in  the  solubility  table.)  Any 
residue,  in  which  men  ury  may  be  present,  must  be  washed  with  diluted 
ammonia  until  the  filtrate  is  shown  by  ammonium  sulphide  to  contain 
no  nK>re  silver.  It  must  then  be  dissolved  in  a  few  drops  of  "  aqua 
regia."'  This  will  convert  the  black  mercurous  salt  into  mercuric  salts, 
which  must  be  tested  for.  after  removing  excess  of  acid  by  evaporat- 
ing the  liquid  to  dryness  in  a  oish  and  re-dissolving  in  a  little  water.  It 
must  be  remembered  that  most  substances  are  soluble  in  strong  acids  and 
that,  therefore,  no  tests  cnn  be  made  until  the  free  acid  has  been  removed 
from   solution. 

Tlicre  are  many  dijfiiulties  in  carryiut^  out  such  separations. 

Firstly.  Precipitates  are  often  formed  which  are  not  caused  by  the 
substances  being  tested  for.  The  only  way  to  avoid  this  source  of  error 
is  to  make  numerous  and  careful  confirmatory  tests,  and  unless  these  accord 
stnctly  with  the  behaviour  of  the  metal  looked  for  it  is  not  safe  to  draw 
any  conclusion  as  to  its  presence.  In  case  of  doubt  as  to  the  identity  of 
a  precipitate,  the  same  test  should  be  made  with  a  /Srwrnfn  solution  for 
comparison. 

Sf I  judly.  There  are  so  many  materials  which  hinder  '  s  precipitation 
of  certain  substances  that  the  non-formation  of  an  expected  precipitate  is 
no  proof  of  the  absence  of  the  metal  looked  for,  unless  you  are  assured 
that  no  substance  is  pre.sent  which  prevents  precipitation.  The  only  way 
to  be  sure  of  this  is  to  add  to  a  portion  of  the  liquid  which  has  been  tested 
a  very  small  quantity  of  the  .substance  tested  for.  If  a  precipitate  is  formed 
the  absence  of  interfering  substances  is  proved.  Except  in  cases  where 
there  is  abs.jlute  certainty  that  no  interfering  substance  can  lie  present, 
this  general  precaution  should  always  be  observed  and  records 

Thirdly.  The  addition  of  the  right  quantity  of  the  redgent.  If  not 
enough  reagent  is  added  to  completely  precipitate  all  the  substances 
intended  to  be  separated,  not  only  may  some  metals  be  missed  altogelher, 
but  the  non-y.recipitated  substances  will  interfere  with  the  subsequent 
investigation  of  the  filtrate  for  o'her  metals.  Moreover,  other  precipi- 
tates, such  as  aluminium  hydroxide  (see  p.  39)  may  remain  undissolved 
if  Futticient  reagent  be  not  added.  Consequently,  nerer  omit  to  test  the 
filtrate  from  a  precipitate  with  a  little  more  of  tlie  same  reagent  that  was  used 

1  This  is  frequently  ii-"<l  as  a  solvent  and  o.xi.1ising  aRCiit       It  is    made  by 
iT.ixinjj  about  me  volume        cone,  nitric  acid  with  three  of  cone    hydrochloric 
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to  produce  the  precipitate.  If  a  precipitate  is  formed  it  must  be  filtered 
out  and  added  to  that  already  obtained. 

Fourthly.  In  case  the  material  to  be  analysed  is  not  already  in 
solution  there  is  often  ireat  difficulty  in  getting  it  dissolved,  without  at  the 
same  time  introducing  interfering  substances  (strong  acids,  etc.)-  Seep.6i. 

Exp.  .xl.  A  solution  containing  silver,  lead  and  mercurous  salts  is 
provided  for  investigation.  Before  beginning  the  analysis  write  out  a 
full  account  of  the  method  yoa  intend  to  employ,  giving  all  details  of 
experiments,  including  confirmatory-  tests,  in  the  order  in  which  they  are 
to  be  carried  out.  //  wll  be  advisable  to  submit  your  method  for  criticism 
before  proceeding  with  the  experiments. 

In  recording  the  actual  work  it  will  be  found  convenient  to  make 
three  columns  in  the  note  book,  the  first  for  the  operations  performed,  the 
second  fur  the  ohserratioiis,  and  the  third  for  the  conclusions  from  the 
observations. 

Exp.  xti.     Investigate  the  unknown  mixtures  provided. 
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SKCTIOX   XXIX 

METHOD    OF    SF.PAKATIM',  AND    IDENTlFYlNr,    COPPER,    BISMVTH. 
MERCTRY    (II)   I  AD.MllM.   AND   LEAD     (gRCJP   !I    B) 

It  is  assumed  that  all  silver  and  nienurv  (-ous)  and  most  of  the  lead 
have  been  removed  hy  hydrochloric  arid,  and  further,  that  arsenic,  anti- 
mony and  tin  are  absent. 

In  the  following'  directions  all  dctaUs  as  to  washing,  freemi.;  the 
solutions  from  interfering'  substances,  etc'.,  will  be  omitted;  they  mu.-t  be 
sufiplied  by  the  student  himself.  The  contirmatory  tests  will  have  to  be 
sought  from  the  "olubilitv  tables.  SeUion  XXN'III. 

To  the  slightly  acid  Milutiont  'lior  filtrate  from  "f'lrt^up  I  "),he.itid  to 
nearly  boilinjr.  add  excess  of  hydrogen  -ulphide  ^,'as  from  the  Kip[>.  Add 
the  Kas  slowly,  remembering;  tnat  all  the  fjas  which  bubbles  out  of  the 
liquid  is  wasted.  It  should  Ic  i  ..-ed  in  until  the  odour  of  hydrogen 
sulpliide  IS  distinctly  notiieable  after  vt^'orous  shaking.  (The-e  oi)era- 
tions  must  be  performed  in  tlie  fume-cupboard.)  Filter,  wash  till  free  of 
atid.  and  jiroceed  as  directed  in  the  table  below.  If  the  solution  was  too 
strongly  .icid  the  precipitatu^n  of  the  sulphides  will  not  have  been  com- 
plete Therefore,  before  testing  'lie  liltrate  to  see  if  sufficient  hydm-cn 
sul[ihide  has  been  added  dilute  it  ab(.ut  threefold  with  water 

The  following  is  an  outline  of  the  method  of  separation  of  the  five 
metals  , — 


I'rrcipit.m-        H>;S.    Pl.S.     Hi,S,.     CIS.    CuS;      Hcil     uitli    .hluti-    iiitr;,      a,  i.l 


Kcsuluo       H>;S 

and  i)ossit)Iv  a  lit- 
tle ri.SO,;  alsu. 
pn.lMl.ly    Siilphiii, 

Diss<il\  c  in  a  littlr 
a<i  rc^'i.i  and  c<in- 
hrm  for  Morcurv. 


S(il\itiiiii      .1,1,1   ,li!utf   sulpluiric  acid, 

I'lltr.itc      ,1,1(1  excess  ,if  ammonia 


I'rccipitati- 
I'l.SCI, 


I'rcjj'itatc       I  l'"iltratc;  add  Kt'.\i';till  anv 
HuOll),        I  blue  colour  has  disappeared  . 
j    dissulve  in  a    I  then  HjS 

verv  little  cunr.  .         ; 

I    iiri   in.l  aild       I  recipitato  :  Solution 

I     water.  ,.pt   .  ^'''■'^-  "-'"^^  !<''N'. 

HiOCl  ■    ,lis.s<ilve  and      c,>ntini!  f.ir  Cu. 

I  ontirni  f,,r  C.l  ( Ifnv  "' i 


The    .above    arc    typual    of   the    methods   of    qualitative   ana!\-sis. 
Similar  tables  have  been  made  to  cover  all  the  common  metals  and  ai  ids, 
l:\p   xlit.      Find  the  metals  m  the  mixtures  submitted. 


(')If  nitric  acid  is  present  it  must  he>;,.i  n,|  ,'f  I'V  evaporalinjj  t,i  •Irvness. 
as  it   (i.xidises   the   hyilnipen   sulphiile 

(')Hliie  solmiim  imlicates  cpper 

I '(The  fumes  fmni  potassnini  ,  v.innle  ,ire  ,lanj;er,  usly  poisonous.  .Ml  work 
witli    till-;   sul'stai.ce    -.hi uIil    1.,-   ,l,,ne   m    the   fume  cui-t',  ard. 
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SECTION  XXX 

QUANTITATIVE  ANALYSIS  OF  f.    SILVER  COIN 

Exp.  xliii.  Having  proved  the  absence  of  evervthing  but  silver  and 
copper  by  qualitative  analysis,  separate  the  Mlver  first  as  chloiide  and 
then  the  copper  as  oxi.ie,  as  in  Exp.  x.xiv.  using  the  two  halves  of  a  five 
cent  piece  for  the  duplicate  analyses.  In  the  case  of  the  silver  chlonde 
after  burning  the  filter  paper  add  to  the  ash  a  couple  of  drops  of  concen- 
trated nitnc  acid,  warm  and  then  add  a  drop  of  concentrated  hvdro- 
chlonc  acid  (Why  :-) ;  finally  heat  to  dryne.-s.  and  proceed  as  with  the 
copper. 

What  is  the  per  cent,  difference  between  the  original  weight  of  coin 
taken  and  the  sum  of  the  amounts  of  silver  and  copper  determined  from 
the  analvsis  .' 
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PART  ir 

gUALlTATIVK  ANALYSIS 

PRELIMINARY     INVESTIGATION 

Before  proceeding  with  the  systematii;  analysis  in  solution  a  pre- 
liminary examination  should  be  made  with  the  solid  substance,  or  with 
the  residue  from  evapor  ition  in  the  case  of  a  solution,  as  in  this  way  a  few 
minutes'  work  will  often  give  much  infonnation  as  to  the  composition  of 
the  material. 

Close  Inspection,  especially  with  the  aid  of  a  magnifying-glass, 
will  often  reveal  the  presence  of  some  known  substance,  particularly  in  the 
case  of  coloured  crystals.  The  student  should  become  familiar  with  the 
appearance  of  the  commoner  substances.  Hy  tjstin(;,  the  presence  of  iron 
salts,  alum,  alkaline  chlorides,  etc,  may  be  detected,  but  it  is  dangerous 
to  taste  substances  indiscriminately.  Cyanides  and  some  ammonium  salts 
rnav  be  identified  by  their  odour.  The  material  should  always  be  tested 
with  moistened  litmus  paper. 

Heating  on  Iron  Foil.  Blackening  usually  indicates  the  presence 
of  organic  substances  also  copper  and  -obalt  salts).  Volatilisation 
indicates  compounds  of  mercury,  arsenic  and  ammonium.  Oxalic  acid 
and  ammonium  nitrate  decompose  to  gases. 

Heating  in  a  Dry  Test  Tube  Condensation  of  water  on  the  side 
of  the  tube  indicates  moisture,  "  water  of  crystallisation,"  etc.  Odour 
of  ammonia  :  some  salts  of  ammonia.  Odour  of  sulphur  dioxide  . 
sulphites,  thiosulphates  and  some  sulphates.  Red-brown  fumes  : 
nitrates  and  nitrites.      Oxygen  (detc'ted  by  glowing  splinter) :  chlorates. 


Warming   with    Joncentrateo   Silphuric   Acid. 
of  the  salts  of  certain  acids  is  indicated  as  follows  : 


The 


presence 


Coloured  '^as  :  Rcd-hroui: .  bromides,  broniates,  nitrites,  nitrates 
(■flight  evolution);  Yelloiv,  ch' i-ates.  hvi-'ochlorites ;  Violet,  iodides, 
iodates. 

Odour  :  Hydroi^cii  cyanide,  cyanides,  fcrro  am.'  ferri-cyanidcs, 
sulphocyanates  .  !-lydroi:eii  <nlo>hl,\  chiorid-s.  l!ydroi;eii  sulphide, 
sulphides;  !<:ilphiir  dioxide,  sulphites.  thio-,ulphatcs  (suljihur  deposited 
from  the  latter).  "Burnt  .uii;ar  odour,"  tartni'.es;  .Kf/i't  :uid  (vinegar), 
a'-etates. 
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Colourless  and  odourless  gas  :  Carbon  dioxuie  (detected  by  a  drop 
of  lime  water  on  a  glass  rod),  carbonates  oxalates,  and  some  other 
organic  compounds;    Carbon  monoxide   (combustible),  oxalates. 

No  exohition  of  gas  :  Arseniates,  arsenites,  borates,  phosphates 
silicates,  sulphates,  some  organic  acids.  Also  many  salts  of  the  above 
mentioned  acids. 

Flame  Test  on  Platinum  or  Iron  Wire.  VelUm,  sodium- 
\iolet,  potassium;  Crimson,  lithium;  Crimson-red,  strontium-  Red 
calcium;  \  ellow- green,  h&nnn;  ffrm/,  copper  and  borates.  The  flame 
IS  usually  more  strongly  coloured  if  the  salt  be  first  moistened  with 
hydrochloric  acid;  a  borate  shows  better  with  sulphuric  acid  An 
indigo  solution,  or  a  layer  or  two  of  blue  glass  will  cut  off  the  yellow 
sodium  light  which  otherwise  obscures  the  other  colours. 

RoRAX    Bead    on    Platinum    Wire. 

In  oxidising  flame  In  reducing  flame 

Chromium Green  (red  when  hot) Green. 

Cobalt     Blue Blue. 

Copper Blue  (green  when  hot)  ....  Red. 

^■■°" Yellow  (red  when  hot)      .  , Green. 

Manganese Violet Colourless. 

^'ii-'kel Red-brown Grev 


Heating  on  Charcoal  with  Sodium  Carbonate. 
flame  many  salts  are  reduced  to  the  metals. 


-In  the  reducing 


ANALYSIS    in   SOLUTION 

Solution  of  tlie  material -Beiore  beginning  the  analysis  the  sub- 
stance must  be  brought  completely  into  solut.on-a  process  often  attended 
with  considerable  difficulty. 

Powder  the  material  ver>-  finely  and  treat  it  with  distilled  water 
heating  if  necessary-  to  hasten  solution.  If  it  does  not  completely  dis- 
solve, filter  the  liquid  and  treat  the  residue  with  a  little  hydrochloric  or 
mtnc  acid.  If  part  still  remains  undissolved  it  must  be  filtered  out  and 
treated  with  aqua  regia.  After  treatment  with  each  solvent  find  out  if 
any  of  the  substance  has  dissolved  by  evaporating  a  drop  of  the  liquid  and 
comparing  it  with  the  residue  from  a  drop  of  the  solvent.  Except  when 
silver  lead  or  mercurous  salts  are  present  it  is  better  to  use  hydrochloric 
acKl  than  nitric  acid,  as  the  latter  interferes  with  the  precipitation  of  the 
second  group  (see  p.  58).     If  nitric  acid  or  much  hydrochloric  acid  has 
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Vjcen  used,  it  must  be  ^;ot  rid  of  by  evaporating  the  liquid  to  dryness  and 
re-dissolving;  the  residue  in  water  or  dilute  hydrochloric  acid,  before 
beginning  the  analysis. 

If  any  of  the  material  remains,  insoluble  both  in  water  and  acids, 
fuse  this  part  in  a  crucible  with  three  or  four  times  its  bulk  of  a  mixture 
of  sodium  and  potassium  carbonates,  then  extract  the  excess  of  carbon- 
ates and  the  sodium  and  potassium  salts  of  the  acids  originally  present 
by  repeated  treatment  with  hot  water,  and  dissolve  the  residue  (car- 
bonates of  the  metals)  with  dilute  nitric  or  hydrochloric  acid. 

If  several  solutions  in  different  solvents  have  been  obtained  they 
mav  be  mixed  together,  provided  this  does  not  cause  precipitation.  It 
is,  however,  often  more  convenient  to  analyse  the  different  solutions 
sep''rately. 

SEPARATION    OF    THE    METALS 

The  common  metals  may  be  divided  into  six  groups  according  to 
their  precipitation  by  various  reagents.  The  student  is  reminded  that 
the  formation  of  a  precipitate  is  caused  by  an  alteration  in  conditi'ms 
involving  a  readjustment  of  equilibrium,  during  which  one  sutistancc  is 
produced  in  quantity  more  than  sufficient  to  saturate  the  solution.  It 
may  result  either  from  the  formation  of  a  new  substance  (tv.?.,  sulphuric 
acid  added  to  barium  chloride  gives  a  precipitate  of  barium  sulphate)  or 
occasionally  from,  an  increase  in  the  amount  of  a  substance  already 
present,  as  when  hydrochloric  acid  is  added  to  barium  chloride  giving  a 
precipitate  of  barium  chloride  (see  p.  39)  The  student  is  urged  to  read 
again  Sections  XXI  to  XXVII  of  Part  I,  and  to  endeavour  to  explain 
each  reaction  met  with  from  the  point  of  view  of  the  mass  law,  as  in  this 
way  the  study  of  analytical  methods  is  greatly  simplified. 

The  chief  sources  of  error  in  qualitative  analysis  (see  Section  XXVIII 
p.  56)  must  be  again  emphasised  ; 

The  presence  of  interfering  substances. 

Neglect  to  wash  precipitates  and  test  washings. 

Incompleteness  of  precipit     'on 

Carelessness  in  making  confinnatory  tests. 

Another  source  of  error,  not  ;)reviously  mentioned,  arises  from 
allowing  the  solution  to  become  too  greatly  diluted  during  the  course  of 
the  analysis.  It  must  be  remembered  xhat  no  precipitate  is  quite 
insolulile  and  that  therefore  the  delicacy  of  a  test  decreases  with  the 
dilution  of  the  substance. 

The  analysis  should  be  made  according  to  the  following  scheme. 
Confirmatory  tests  and  other  information  are  added  at  the  foot  of  each 
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table.  The  directions  here  given  are  mere  outlines,  and  should  be 
supplemented  by  the  reading  of  a  text-book  on  general  chemistry  as  well 
as  by  instruction  in  the  laboratory. 
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SKI'AKATION    OI-    CKOLI'    i:   A    IKmm    ][    n 


(  '  )      The  soliit 

(iltiT  iiKire  easily 

{')      Lead  tliluriile  is  sulul.ie  in  hot  water,  therelcre  (■(,.,!   th(inn,i;h!v 

(    )      If  ''  t^'^'   ^^;|th  aininonuim   molyhilate  has  shr.wn    ihe  presenee  of  i.hos- 

l^^'rct^dln'^.^"'""'"^^^  .nvest,«ation  has  indicate..  o.,an,^  „,at,e.  .^r^^^;;:. 

(')  Boil  to  drive  olT  hydrogen  sulphide,  as  otherwise  it  will  lie  oxidised  l,v 
the  nitnc  acid,  deposituiK  sulphnr.  and  sonu  of  a  n,av  be  k^f  ovct  vvl  ch  w ill 
precpiiate  the  III   U  sulphides  when  ammonia  is  addeil  '" 

(   )      To  oxidise  the  ferrous  salts  to  ferric,  so  that  all   the  iron  will   1,..  ,-,r,. 
eipitatedas  ferrie  hy.lro.xide  which  ,s  more  insoluble  than  the  fc'rZs  i  '  a  k-dine- 

sails  u,ll   be  oM.hsed   1..  manKa.iic,  and  manyamc  hydroxide  will   be  preci.Mt  .ted 

bN  -he  unm,.niamspi,..,,fthopre.sencc.,faHn7u.niuin\hl,,ri,le,(Seefoll,wnJn,,e 

)  Ammonium  chloride  ,s  a.hhd  to  [.revent  the  I-reeipitation  .,f  maV 
neseun,  zinc  an.i  man^anous  hy.lroxi.les  lt'sh.,ul.J  alwavs  be^  1.1  /,,'  ,n  Z- 
ammonia,    because   ,f   the    precipitate   of   maiiKunous    hvdroxide    w e  e   a  1     ve.l    to 

UK  ore,  ipitate  of  III  A  shoul.l  be  liltere.l  .|uicKly,  as  maiifjanic  hv.iroxide  is  formed 
■slowlv  even  fn.m  ,he  s<,lut.on.  ,n  contact  with  the  air  Aluminium  hv.mxdj 
IS  sh^ditlv  soluble  in  amm.mia,  an<l  consc.|ue,ulv  the  present  am,  , mm 
chl.,nde  niakc^  ,ts  precipitation  m,;re  near.'v  complete       (Explain  this  ) 

('I      If   the   precipitate<.f    III  A    is   ^^recn.sh    black   it  sholvs  "ha  t,  suhuient 
nunc  acl  has  been  a.l.led   to  oxi.liso  the  ferrous  salts  completely        '"■'""'^'^"' 
i>hide  is  ,1,  .ri,!  /^.TrV"   '       ^"-■"""•"'  l',V'ir.;Ken  sulphtde  and  ammonium  sul- 
s      .,    S  Th,      ,*'.?l     •■'■  ^""V:""-'"'?;'  '»  -^x'pMu.,  ,n  the  latter   solutK.n  ,.sc.e 

V'  /'  ,  u  ■  '"•''' ""'^  "f  "-"-""P  II  are  so  in.s.,luble  that  the  small  ccmcen- 
vh  V;"  "f  ™U-h.dion  ,„  hy.ro^.en  sulphide  s,.lut.on  is  suCticient  to  prcci>  te  hem 
whereas  the  su  pht.lesof  Croup  III.  bein^  less  insoluble,  require  a  much  creator 
concentrati.m  of  sulj.hi.lion  to  pro.hice  them  in  sulf.cient  quantity  to  sXrs-UuriL 
he  soluti.m,  1  he  presence  of  hy.lrochlonc  acid  in  the  fltrae  from  Group  1  stU 
further  re.luces  the  c..rcentr,ai,.n  ,.f  the  sulphidion      (Why  ')  ^ 

,!,„  1'  ■  ,  "^'""V  ''"'  l'"'^^'""  <'f  ammonium  chl,>ri,le 'is  necessary  to  prevent 
the  prccipita  ,on  of  magnesium  hy.Iroxi.le,  Why  could  not  the  ammonitl^^n  c^r 
bonate^be   relie.i    upon    to   prevent    the  precipitati.'n  >  ammonium  car- 

(     I     The  precipitation  of  Omup  IV  is  slow  an.l  incomplete  in  a  cold  solution 
of'th^'c^r^ona;'."^"  ""  ''"'  "'""""'"•  "'"^'^  =^  ''''"'■''  to  Vrease  the  soIuS 
Analysis  of  Groi-p  I 
For  details  of  the  analy.sis  see  p,  55 
Separation  of  <;Rot'p  11  A  from   II  R 
Treat  the  well- washed  sulphides  of  Group  II    for  several  minutes 
wiUi  a  Itttle  warm,  yellow  ammonium  sulphide  (ccntaininK  polvsulphides 
(NH^).jSJ;    filter,  and  acidify  a  few  drops  of  the  fdtrate    with    dilute 
sulphuric  acid,  which  will  precipitate  ;inv  sulphides  which  have  dissolved 
together  with  sulphur.       If  the  preci,.itate  consists  of    sulphur  only'' 
Group  II  A  IS  absent,  m  which  case  proceed  to  analvse  the  Group  II  jirc- 
cipitate  for  II  B.        If    a  curdy  yellow  or  l.rown  precipitate  is    formed  ^ 
Group  II  A  is  present,  and  the  whole  01  the  filtrate  must  be  analysed  for 
II  A.  The  residue,  Groir.  11  B.  must  be  treated  with  several  successive 
small  portions  of  ammunium  su!ph..le  and  then  analysed  for  Group  II  B. 

.V../CS 
I      Sulphur  is  set  free  lr..m  yellow  .•immomum  sulphi.ie  bv  rn-i.b-         It  c-in  1  e 
dis  i.-wishe,    from  the  sulphi,l..s  by  its  fme  milky  appc'arancc  an.l  by  Us  bun  ,r  ■ 
without  residue  on  a  splinter  of  >;lass.  ■      '  t  .  .  >   u.    ouri.u  , 

w;n.h"issii!;iuw'::;iui;i:.';i;y.:iwa,miv^ 

1^  llv:  yell.uv  .SIl^,,  ,,..     ;r.S  which  is  bn.v.r  ■"nioimco 
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QIALITATIVE    ANALYSIS 


Analysis 


(Ikoip  II  A 


Acidify  the  animcmiuia  sulphide  solution  with  dilute  sulphunc  acid, 
filter  and  wash  the  precipitates  till  free  of  hydrogen  sulphide',  and 
dissoh-e  in  concentrate<l  hydrochlon>'  acid,  if  necessary  adding;  a  small 
crystal  of  potassium  chlorate^  Filter  off  any  sulphur,  expel  chlorine 
(if  chlorate  was  used)  by  gentle  heating— not  boiling^— and  transfer 
the  solution  and  any  white  residue  (oxides  of  tin  and  antimony)  to  a 
Marsh's  apparatus'*  Pass  the  gas  into  a  little  silver  nitrate  solution 
as  long  as  a  precipitate  is  produced  Kilter  and  wash  the  precipitate. 
Wash  also  the  residue  in  the  Marsh  apparatus. 


Residue  from  Marsh 
apparatus:  Sn  and 
Zn.  Dissolve  in  di- 
lute hydrochloric 
acid  and  tt  >t  for  tin 
by  niercurous  chlo- 
ride; White  or  grey 
ppt.  ^  denotes  tin''. 


Precipitate  from  sil. 
nitrate  sol.  Ag  ami 
Ag.i  Sb.  Treat  with 
wann  cjnc.  hydrochlo- 
ric acid,  dilute '',  fil- 
ter and  test  solution 
with:  (aj  hydrogen 
sulphide,  orange  pi)t. 
SIm  S,t  (b)  large  excess 
of  w.iter,  white  ppt 
SbOCl. 

For    "sjjot "  tests    sec 
Xnte  ■•. 


Filtrate  from  sil.  ni- 
trate :  H3  AsO:,  , 
AgN'O;,  ,  etc. 
Acid  just  enough  dil. 
hydrochloric  acid  to 
ppt.  the  silver  and 
hlter.  Test  the  solu- 
tion for  As  by  hydro- 
gen sulphide :  yellow 
ppt.  As:>  S:t  '. 
For  "  spot"  tests  see 
Xote-*. 


test        Con- 
Tlu-  liijuid 


.\'  ■!,■, 

1  If  liy.lmijcn  siilphidi'  is  not  completely  washe.i  out  it  may  be  >;i\cn  oil 
from  the  Mar^li  ai)|)aratus  and  precipitate  silver  suljihide. 

2  The  presence  o(  oxidising  ai^ents  interferes  with  Marsh's 
scqiiently  ;idd  vtry  little  potassium  chlorate  :in<l  expel  all  chlorine, 
must  not  l>c  boiled  .is  cirsenic  chloride  is  >li^ht!y  volatile 

:)  M.irshs  apparatus  consists  ot  .1  small  flask  (i-ovided  with  a  cork  titteii 
with  a  loirg-neckeii  luimel  and  delivery  tulie  The  later  is  bent  twice  at  right 
angles  so  as  to  lead  the  );as  into  the  silver  nitrate  solution.  A  iitth-  zinc  is 
placed  in  the  flask  and  the  hydrochloric  acid  solu'ion  of  II  A.  diluteil  with  w.tti  r, 
is  ])oureil  in  thri>us,'h  the  fvinnel  Hy  the  action  of  the  zinc  the  compounds  .if 
tin  are  reduced  to  the  met.illic  state,  while  if  arsenic  and  .mtimony  salts  are  pre- 
sent the  Kases,  arsine,  .VsHj.  and  s'.il.ine.  Sbllj.  jiass  out  throujih  the  de!i\erv 
tube,  precipitating  Aj;  and  AySli,  rcspeciively  from  the  siher  nitrate.  As  the 
■<;inc  is  apt  to  contain  tin.  a  blank  experiment  should  be  made  to  test  its  purity. 
Small  <]uantities  of  arsenic  are  also  ccjmm.mly  present  in  zinc 

4  Instead  of  p.issins,'  the  jjases  into  silver  nitrate  they  mav  bi  treated  as 
follows  kejil.ice  t!ic  lieiit  delivery  tube  by  a  short  up-rij,'ht  tube  clrawn  out  lo 
a  hne  jet  .\fter  makini;  suri'  tliat  the  apparatus  is  .,»«/'/. /i/v  /r,r  ,1/  <i/r  (see 
Exp  .VIII.  p  iii.ijjnite  the  j,Ms  The  flame  will  be  bluish  white  if  arsenic  or  anti- 
mony is  present.  A  piece  of  p.ireelain  (crucible  lid  1  held  in  the  flame  will  be 
spotted  with  deposits  of  met.illic  .'irsenie  an.l  antimony  \rs,nh  .  shiny  brown- 

black,  soluble  in  alkaline  hypochlorite,  turned  yellow  by  warming  with  ummi>n- 
if.m  sulphide,  soluble  in  dilute  nitric  .icirl,  and  if  silver  nitrate  and  anmionia  are 
added  to  this  solution  yellow  .\l:,.\s(),  is  forme, I  .1  ii/tm.'iiv.  dull  bl.iek.  insoluble 
i:i   hypochlorite,   turned   i^r.itv.,'..-   by   ainnionium   siilphidi'.    turned    wb.ite   bv   dilute 
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mtnc    UH\    .-.n,!  ,f  to  this  silver  nitrate   and  amm.,,,1.1  are  ad.le.l,  l.Luk  Al^O  is 

?      )y^',"' J"^''"^';"-'  ^'*i'"ri'l'-'  i»n(i  grey   metallic  merourv    (usually    nuxecl) 
^     If  the  hy.lroehlnr,.  acul  solution  is  not  .lilute.i,  sonu-s.Ker    w  II      i^  a  i  n 
prtv '("tated"'  hydruRen  sulphide  is  a.lded  black  silver  sulphide  willU- 

fro.n'thtlliiuu.r''''''''''"'''"^'''^^^^'-'''''''''^-^''^"^'"   "'■'■    •-"    -—J 

Analysis  ok  Group  II  B 
(For  details  of  the  analysis  see  p.  58,) 

Analysis  op  Group  III.A 

Boil  the  well-washed  hydroxides  of  III  A  with  potassium  hydroxide 
for  scyera!  minutes,  and  filter  hot  '. 


Solution  :  potassium 
aluminite,  KAIO^ 
Barely  acidify  with 
dilute  hydrochloric 
acid  and  addammon. 
carbonate-: 
White  gelatinous  ppt. 
Al(OH):, 


Sometimes  a  little 
silicic  acid  is  precip- 
itated  here.     See  p.  74 


Residue  :  Fe  (OH 
Test  part  for  iron  by 
dissolyinj,'  in  dil.  hydro- 
chloric acid  and  add- 
ing,' (a)  pot  ferrocyan- 
ide  :  blue  ppt.'  of 
Fe4  (Fe(C.\)«  );,  ;  (b) 
amm.  sulphocyanate  : 
red  solution  of 
Fe(SCN)3  . 

Test  original  substance 
for  ferric  and  ferrous 
salts  3. 


)3   and  C£  (OH):, 

Test  j)art  for  chrom^- 
ium  as  follows  ;  Fuse 
the  solid  with  mixture 
of  nitre  and  sod.  car- 
bonate, add  hot  water, 
filter,  acidify  filtrate 
with  acetic  acid  and 
test  for  chromate  by: 
(a)  Sil.  nitrate,  red-bn. 
ppt.;  (b)  Lead  acetate, 
yellow  ppt.  Test  orig- 
inal substance  for 
chromates  ^. 


1     Cold 

boiling. 

-■    Salts 
hydru.xide. 
l)v  water. 


.V..(,-.v 
potash     dis.solves   also   Cr(OH) 

of    weak  acids  like  carbonates. 
The   aluniiniuin  salts  of  thes-' 


forminK    KCrO,.   decoTn|.osed    on 


suljihides.  etc. 
acids,   if  thev 


precipitate  aluminium 
t'.xist,  are  decomposed 


Chromates  "in  the    ori-mal    substance  will  have  been  reduced 
sa  ts  by  the  hydrogen  sulphide  and  not  re-o.xidised  1  "'I'"-' 

colour,   common   to   all   solulile  clin 
original  solution. 


IV  the 


id. 


luld    iiulieatc    their   I'lvseiue 


'  chromic 

A    Vrll,,w 

the 
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'jr. \I.IT.\TIVK    ANAI.VSIS 


A\,\i,\  SIS  111'  CiKiiri'  111   H 


Tri'at  Ihf  uvllw.i  .ii,.!  pre.  i|.ii.,ir,  ul  the  .ul|. Indies  (it  t;nni|i  111  it  wiiii 
(iiUitc  ('  I  li\,lr,H  hlunr  a.  1,1  (lys..  than  i  R\V  iht  litr.M.  ar'l  filter. 

Si.lutii.n  :  ZnCij  ..\InCl..  .(2).j  Kosulue:    NiS.  CuS 

Add  iiiitash  in  i-.x^css  ami  iliucst ,  Dissolve  in  'Kiua  tvkui.  evajinratr  \n 
in  the  mid,  liltiT.  ilrvncss  and    rudissolvo  in   water. 

Sidutiun  I'reripitate   .       Tn  a  [lart   iit'  the  solutmn  add  a  drup 

KjZiil)  Add  Mn  (()ll)j  ('  ),  or  two  i,t  [...ta-li  to  neutralise  la.st  tra.es 
ainnioniuni  suj.  ,jtiii  kly  oxid-  o|  a.  id,  preeiintatiii),'  as  little  as  jio.-sihlc 
I'l'i'li'  isin^jinthe  air  of  the  hydroxides  of  nukel  and  eotialt. 

White    {■pt.    toMn(()ll):)     Add  aietie  arid  and  soduini  aectate  and 


ZnS. 


Oxidise  to  then  some  eone.  potassium  nitrite  ol. 
manKanate(''  ),  If  rohak  is  pre-ent  a  \ello\v  i  rv>talline 
or  to  perman-  ppl.  ol  K,  ("olXO  j),;  is  formed,  on 
ganate  (^  )  .anmlinK.      Filter,    aiid     to    the     filtrate 

Test  also  with  add  potash.  A  li^ht  ^,'reeii  |)pt,  of 
borax    head.      Xi  (OH)j   indicates  niiki  1. 

To  another  part  of  the  solution  adil 
]>ot.  I  \anide  until  the  ppt.(''  )  rcdis- 
solves. 

j  (a)  Add  dil.  hydroi  hlorie  at  id  and 
jboil;  add  i.iore  h\-droeh.  aeid  droji  liv 
dnp;  Xi  (("N)2  preeipitates  and  dis- 
|Solvcs  in  exeess  of  acid  ("  ). 
i  (h)  To  an<jther  jiart  add  potash  and 
liromme  water  :  Xi  (OFI):i  precipitates, 
Mark. 

Test   al.M)   witl)   liorax   head. 


.V,i/.,> 

(I  I  'I'lie  siilpliiifes  of  iiickf!  and  eolial!  .ire  sli),>liilv  s,  I'mMi.  ,„  ilj|  hyilrochloric 
aei'l.  ThiTefoif  very  dilute  aeiil  should  lie  used  If'liaies  ciis.s(il\e.  the  hydrox- 
ides will  be  preeipitated  aloilt;  with   MiKUH),  w  lien  jiotash  is  adiji'd  to  the  soluiiori, 

(2;  Zi..e  sulphide  is  msoluMe  m  moderately  dilute  aeelie  aeid.  while  nian- 
Kaiious  sulphide  is  solulile.  Hence  if  excess  of  sod.  acetate  is  added  to  the  dil. 
hydrochli.iric  acid  solution  and  hydro>;en  sulphide  pa.ssed  in,  zinc  sulphide  will 
lie  precipitated.      (Separation   from   manganese). 

(■'')  l-'use  with  mixture  of  nitre  and  soil,  carlionatc  The  mass  becomes 
bright  tureen 

(^1      Hoil  with  nitric  acid  and  red  lead,  in  excess.     The  sol.   turns  purple. 

d  ('o(CN),  and  .\'i(t".\).j  are  tirst  precipitated;  these  dissohc  in  excess  of 
the  cyanide  to  jjivc  Co(C\).,2KC\  and   \i(C'N),,'.'KC.\' 

(«)  Hydrochloric  acid  decompo.ses  the  double  salt  of  nickel  j.'i\in),'  .-i  i  rc- 
cipitate  of  .\'i(('.\i.,,  while  the  cobalt  salt  is  converted  into  H,(.'oH'.\),  in  which 
there  is  no  cobaltion  to  form  ('olCN')^. 


PHOSPH.^TES  .\ND  0RG.\Nlr 


AXALVSIS     OF     CkOfp      n|      IS"      PKKsENTK     OF 

.MATTER 

If  phosphate  is  jiresent,   warmini;  the  solution   with  concentrated 
nitru   ;iud  .md  excess  of  ainmoinum  nioiyiidatt- iirodtices  slowK-  a  vellow 
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prcrii.itatf  of  amuK iiiuini  plioi.ho-ni()l\i..latc.'  Tin.'  proscncc  of 
firearm  niaUcr  is  shown  I.y  rliarnriK  (preliminary  investiKaticn).  Both 
I>hosphatcs  and  orn-.m.-  ii-.atter  interfere  with  the  precipitation  of  (Iroup 
111  A, and.  if  present,  must  he  removed  before  proeccil  >•  with  the  anaj-- 
sis  Kvaporatc  the  filtrate  from  ( Iroup  1 1  and  i^'nite  „  i  ly  to  fn  e  it  from 
orK.'inir  material.  Re-dissolve  in  dilute  hydrochloric  acid.  To  >,'ct  nd  of 
phosphates  dijjest  the  filtrate  from  (Iroup  II  in  an  evaporatinK  dish  with 
strong  nitric  acid  and  K'ranulated  tin,  until  a  te^t  with  molvl.datc  shows 
the  absence  of  plK.sphoric  acid.  Care  must  he  taken  that  the  nitric  acj.i 
IS  not  all  expelled  t,v  the  heat  as  its  presence  is  necessary  to  keep  Croup 
III  A  in  solution,  Kvap<,rate  most  (jf  the  nitrie  acid,  filter,  dilute  the 
filtrate  with  water,  remove  .my  lead  that  has  been  dissolved  from  the  tin, 
by  hydrogen  -ulphide.  and  ixamine  a-  usual  for  Croup  III  A, 


Analysis  (jk  (iKofP  IV 

DisM.lve  the  well-washed  precipitate  of  the  carbonates  of  (irouM  IV 
in  dilute  acetic  acid.  To  a  small  portion  f)f  tlie  solution  add  potassium 
bichromate  and  it  a  precipitate  is  produced-  add  more  of  the  rcat'ent 
tf)  the  whr.le  solution  as  lonj,'  as  a  [irecipitate  is  formed.     Filter 


Solution:  SrvC^  ll:(Oj):;  ,  Ca(Ci..H:,  O  a)  2. 
and  K  Cr2  0  7.  Ado  immonia  an(i  ammon. 
carbonate,  filter,  wash  ihe  precipitate  and  dis- 
solve It  in  aietic  acid. 

Solution :  SrfCa  H,  O  2)2  and    Ca(C..  H,i  O2  )2  . 

Test  a  part  for  stron-  j  Test  a  part  for  cal- 
tiuni :       Add      -alcium  :  ciuni :    Add  potassium 


sulphate,  boil  and  let 
stand  for  .some  time; 
white  ppt.  of  SrS04  . 

Test     also     in     the 
flame. 


sulphate  sol.  to  re- 
move all  strontium 
present  and  filter. 
Add  ammonium  oxal- 
ate;  white  ppt.  insol- 
uble in  acetic  acid. 

Test     also    in     the 
flame. 


i'recipitate:  naCr04  , 
yellow,  soluble  in  dil. 
hydrochloric  acid,  and 
precipitated  from  this 
solution  by  sulphuric 
acid  as  barium  sul- 
phate, a  fine  white  ppt. 
insoluble  in  acids,  pas- 
sing readily  through 
filter  paper. 


'     A  yellow  pro'  i;.itate  is  also  formc.l  with  arsenic  acid. 

-'      If    no    [.mipitate  is  formed  test  !!;o   .solution    for  strontium  and  calcium 
as  f;i\en  in  the  t.ible. 
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QI-ALITATIVE    ANALYSIS 

Analysis  of  Group  V 

Test  the  filtrate  from  Group  I  V  for  lithium  by  the  flame.  If  lithium 
is  present  proceed  by  (a),  if  absent,  follow  (b). 

(a)  Evaporate  the  filtrate  from  IV  to  drj-ness,  ip-.,.te^  gently, 
dissolve  the  residue  i;  a  little  dil.  hydrochloric  acid,  evaporate  to  dryness  - 
again  and  dissolve  in  water.  fo  this  solution  add  ammonium  oxalate, 
boil,  and  add  excess  of  acetic  acid  ^  . 


Precipitate    MgCa  O4    white. 

Dissolve  in  dil.  hydrochloric  acid, 
add  excess  of  ammcnia  and  then 
sodium  phosphate  :  white  ppt. 
MKNH4PO4 


Solution,    salts    of    Li,  K,  Na. 
Add   sodium    phosphate  :  white 
ppt.  of  Lis  PO4  . 
Test  bv  flame. 


(b)  To  filtrate  from  IV  add  a  little  ammonia,  enough  amm.  chloride 
to  dissolve  anv  ppt.  that  mav  be  formed,  and  sodium  phosphate  ■  white 
ppt.  MgXH4P04. 

The  filtrate  from  Group  IV  cannot,  of  course,  be  examined  for 
ammoniuni  salts.  Heal  some  of  the  original  substance  with  cone, 
potash.  P-volution  of  ammonia  may  be  recognised  by  its  odour  and 
effect  on  litmus^  . 

Potassium  and  sodium  may  be  recognised  by  their  flame  reactions. 
It  is  better  to  use  the  original  substance  for  this  purpose,  as  many  of  the 
reagents  employed  oiten  contain  enough  of  these  metals  to  give  the 
chara<  tcristu'  c(, lours  to  the  flame.  Flame  tests  with  known  substances 
should  be  made  side  by  .side  with  the  tests  of  the  substance  under  investi- 
gation. 


acids 


Xotes 

Til  cxju-l  amm.iniiim  sails,  as  these  ilissolvi^  lithium  jihdsphatc 

'ill  drive  off   hydriichloric  arid,  as  maj,'iu'.sium  o.xahite  is  soluble  in   strung 


>[.iK'nesium  (^.xalate  is  in.sulidile  in  acetic  acid  (See  p  «:;). 
■•  Xessler's  test  f'lr  .ininidnivim  coiiipDunils  is  very  delicate.  The  reaj;cnt 
may  !<e  made  by  .iddin);  potassium  lodiile  to  mercuric 'chkjride  solution  until  the 
jireeipitate  lirst  formed  is  almost  re-dissohed,  and  then  addiiiK  potassium  hy- 
dro.Miie  and  allowing;  the  licjuid  to  .settle.  If  a  compound  of  ammonium  is  addivi 
to  the  clear  solution  a  brown  iirecijiitate  of  NUg.jI  is  formed  As  this  precipitate 
is  soluble  in  potassium  lodiile  care  must  be  taken  not  to  add  excess  of  this  rea^'ent 
in  making'  up  the  sululion. 
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DETEKMINATION     UF    THE    ACIDS 

A  knowlcd^'c  of  the  bases  present  often  restricts  the  number  of  acids 
to  be  tested  for.  For  exiimple,  a  soluble  substance  found  to  contain 
banum  need  not  be  tested  for  sulphuric  acid.  Much  information  is  also 
obtained  from  the  preliminary  investigation  (see  p.  60). 

Dissolve  the  substance  in  water  or  potash  solution,  or  fuse  with 
sodium  carbonate  and  extract  the  sodium  salts  of  the  acids  present  with 
water,  neutralising  the  excess  of  sodium  carbonate  with  dilute  hydro- 
chloric  acid. 

If  any  bases  other  than  the  alkalis  are  pre.sent  they  must  be  first 
removed,  as  their  presence  might  affect  the  investigation'  This  may  be 
done  by  precijutating  with  sodium  carbonate  and  filtering,  after  which 
the  filtrate  must  be  carefully  neutralised  with  hydrochloric  acid  before 
testing  for  the  acids. 

The  acids  may  be  grouped  roughly  as  follow,  : 

I.  Those  whose  calcium  salts  are  insoluble  in  water. 

II.  Those  remaining  whose  silver  salts  are  insoluble  in    vater. 

III.  Other  acids. 

As  the  grouping  of  the  acids  is  rather  unsatisfactory,  great  care 
should  be  taken  in  making  the  confirmatory  tests. 

I.  The  Calcium  Ghoup.  To  the  neutral  solution  from  which  all  the 
bases  but  the  alkalis  have  been  removed,  add  calcium  nitrate;  if  a  pre- 
cipitate appears,  boil,  cool  thoroughly  and  hlter.  To  the  washed  precip- 
itate add  acetic  acid  : 

Solution  with  evolution  oj  f^as  :   carbonate,  sulphite. 

Sihitton  without  evolution  of  t^as  :  arseniate,  arsenite,  borate, 
citrate,  phosphate,  tartrate.* 

Kesidue.  soluble  in  dilute  hydrochloric  acid  :  fluoride,  iodate,* 
oxalate. 

Residue,  insoluble  in  dilute  hydrochloric  acid  :   silicate,  sulphate.* 

II.  The  Silver  Group.  To  the  filtrate  from  Group  I  add  si Irer 
nitrate,  filter.  To  the  washed  precipitate  add  dilute  nitric  acid  and 
boil  :  Solution  :  acetate,  chromate,*  hvpophosphite,  sulphide,  thio- 
sulphate. 

Residue,  soluble  in  ammonia  :  benzoate,  bromate.  bromide,* 
chloride,  chromate,  cyanide,  ferricyanide,  hypochlorite,  iodate,  salicyl- 
ate, sulphocyanate 

Residue,  insoluble  in  ammonia  :    bromide.*  iodide,  ferrocyanide* 

III.  Other  Acids.     The  filtrate  may  contain  :     chlorate    nitrate 
nitrite,  perchlorate. 

N.B.  —  *Slightly  soluble  in  water. 
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QUALITATIVE    ANALYSIS 


Reactions  of  the  Acids 


Acetic  acid,  CoH^O^.  Sulphuric  acid,  hot,  cone:  odour  of 
vinegar;  to  this  add  alcohol  ;  odour  of  ethyl  acetate.  Ferric  chloride  : 
deep  red  colour  of  ferric  acetate ;  colour  destroyed  by  mercuric  chloride 
(cf.  sulphocyanate).  On  boiling  with  excess  of  acetate,  red-brown 
precipitate. 

Arsenic  acid,  HjAsO^.  See  the  table  of  analysis  of  Group  il  A 
for  tests  for  acids  of  arsenic.  A  neutral  solution  of  an  arseniate  gives  a 
red-brown  precipitate  with  silvernitrate:  with  ammon.  tnolybdate,  yellow 
precipitate. 

Arsenious    acid,    HjAsOj.     Arsenites    decolorise    permanganates 
A  neutral  solution  of  an  arsenite  gives  a  yellow  precipitate  with  silver 
fiitrate. 

Benzoic  acid,  CyH^Oo.  Sidphuric  acid,  cone;  brown  coloured 
solution  from  wiiich  benzoic  acid  is  precipitated  by  water.  Ferric 
chloride  :    from  neutral  solutions,  a  pink  precipitate. 

Boracic  acid,  H3BO3.  Flame  test  :  a  fragment  of  a  borate  mixed 
in  a  crucible  with  cone,  sulphuric  acid  and  alcohol,  and  ignited,  green 
flame. 

Bromic  acid,  HBrO,  Sulphuric  acid,  hot,  cone;  liberation  of 
bromine.  Silver  nitrate  :  white  precipitate  decomposed  by  hydro- 
chloric acid  with  evolution  of  bromine  (cf  iiromides).  Potassium 
iodide  in  acid  solution  ;   liberation  of  iodine  which  turns  starch  blue. 

Carbonic  acid,  H^COj.  Acids  decompose  carbonates  with  libera- 
tion of  carbon  dioxide,  which  may  be  recognised  by  the  turbidity  it  pro- 
duces in  a  drop  of  lime  water  cm  a  glass  roil. 

Chloric  acid,  HCIO.,.  Sulphuric  acid,  cone;  evolution  of  green- 
yellow  gas.     .-iKi/iHe  jn//'/ia/(',  in  acid  solution  ;  intense  blue   coloration, 

Chkomic  acid,  HjCrO^.  For  confirmatory  tests  see  table  of  analy- 
sis of  Group   III  A. 

Citric  acid,  C^H^Oj.  Sulpliuric  acid,  cone;  decomposition  with 
evolution  of  carbon  dioxide  and  carbon  monoxide  linnammable).  Chars 
only  on  prolonged  heating.  CaLtum  hydrate  :  white  precipitate  on  pro- 
longed heating 

Ferricyanic  acid,  H3Fe(C\)''  Sulphuric  acid,  hot,  cone; 
evolution  of  hydrogen  cyanide  ;  test  the  solution  for  iron.  Ferrous 
siitphafc  ■  dark  l)lue  i>re(ipuate.  Ferric  chloride  :  brown  coloration, 
no    [ifeiipilate. 
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REACTION    OK   THE    ACIDS 

Ferrocyanic  acid,  H^Fe(CN)6,  Sulphuri:  acid,  hot,  cone.  : 
evolution  of  hydrogen  cyanide;  test  the  solution  for  iron.  Ferrous 
sulphate  :  light  blue  piecipitate  becoming  darker  on  standing.  Ferric 
chloride  :   deep  blue  precipitate.     Cupric  sulphate  :   red-brown  ppt. 

Hydi  ;oDic  Ac.D,  HI.  Sulphuric  acid,  hot,  cone:  liberation  of 
iodine.  Oxidising  agents  :  liberation  of  iodine.  Silver  nitrate  :  light 
yellow  precipitate,  insoluble  in  ammonia  (cf.  chloride  and  bromide). 

Hydrobromic  acid,  HBr.  Sidphuric  acid,  hot,  cone:  liberation 
of  bromine.  Oxidising  agents  :  lil)eration  of  bromine.  Silver  nitrate  : 
yellow-white  precipit-ie,  sparingly  soluble  in  ammonia  (cf.  chloride 
and  iodide). 

Hydrochlo»>.^  acid,  HCl.  Sulphuric  acid,  hot,  cone:  hberation 
of  hydrogen  chloride  (cf.  iodide  and  bromide),  giving  white  fumes  with 
ammunia.  Potassium  bichromate  and  cone,  sulphuric  acid,  lieated:  brown 
vapours  of  chromyl  chloride. 

Hydrocyanic  acid,  HCX.  Sulphuric  actd,  hot.  cone:  evolution 
of  hydrogen  cyanide. 

Hydrofluoric  kcw.  HP.  Sidphuric  acid,  hot,  cone:  evolution  of 
hydrogen  fluoride  which  etches  glass. 

Hypochlorous  acid,  HCIO.  Silrc  nitrate  :  white  precipitate, 
silver  hypochlorite,  ■which  quickly  decomposes  into  silver  chloride  and 
silver  chlorate.  .4)n7i)i.'  sulphate,  in  dilute  sulphuric  acid  solution:  blue 
color.Tlion.     Dilute  acids  :     liberation  of  chlorine. 

Hypophosfhorous  ACiD,  H3PO2.  Cupric  sulphate  :  heated  to 
7o=C,  black  precipitate  of  copjier  hydride;  decomposed  on  heating. 
Oxidising  agents  are  reduced.  Silver  nitrate  :  black  precipitate  of 
reducd  silver. 

Iodic  acd,  HIO3.  Sulphuric  aad.  hot.  cone:  no  evolution  of 
iodine.  Ferrous  sulphate  and  concentrated  sulphuric  acid  :  liberation 
of  iodine. 

Nitric  acid,  HXOg.  Broun  ring  test  :  one  cubic  centimetre  each 
of  a  solution  ol  -i  nitrate  and  of  ferrous  sul])hate  solution  are  mixed  in  a 
test  tube  and  conesulphuric  aciil  is  added, allowing  it  to  fall  along  the  wall 
of  the  tube;  at  the  boundary  betwe»r  the  two  liquids  a  brow  ring  or 
coloration  will  bt  observed,  arising  from  the  solution  of  nitric  oxide  in 
ferr.nis  sulphate.  Phenyl  sulphate  :  brown-red  coloration  becoming 
yellow  or  green  upon  addition  of  animonia. 

Nitrous  acid  ;1\0_,  Ihc-a'it  ring  test  :  obtained  by  the  action  of 
ferrous  sulphate  .m  a  nitrite  without  the  addition  of  sulphuric  acid 
(cf.   nitrate) 
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OxAi.if  At  111.  l"_,ll^,()^.  Sitlphitru  chid,  liot,  corn'.:  evolutii.n  of 
carl '(in  dii'Milc-  inul  carlicn  nidnoxidu  (intlanimalile). 

OHTiiorHdsriidKR-  Atii).  Il.jl'O.,.  A.uo.-.  i'/  amnioiiiutn  molyldatc 
:cith  nitriL  ihui  on  iianiiiii^  :  ytllow  |irt.Ti]iitatL'  (ef.  arsenic  aci<i). 
Miiptcshi  mixture  (prepared  1>\-  the  addition  of  ammonia  to  a  solution 
of  majjncsiuni  sulphate  containing'  enough  amnionium  chloride  to  pre- 
vent the  foniiation  of  a  precipitate):  white  crystalline  precipitate  of 
magnesium  ammonium  phosphate.  Silrcr  iiilriitc  :  yellow  precipitate 
of  silver  {ihosp.hate  (cf.   pyrophosjihonc  acid). 

Pyroi'iiosphokic  acid,  H.,P^,0,.  Ammonium  molyhdatc  :  no  pre- 
cipitate. -U.j.i^i/i-.w'a  mixture  :  no  precipitate.  Sthrr  uitrdtc  :  white 
precipitate. 

Salicylic  acid,  C-HgOg,  Ferric  ehloride  :  intense  violet  colora- 
tion. Alcohol  a  ;d  cone,  sulphuric  acid  on  U'lirmini^  :  odour  of  winter- 
jjreen.     Heated  with  lime  :    odour  of  carl>olic  acid. 

Silicic  acid,  ir,FiO.,(etc.).  Hydrocnlorie  acid  :  jirccipitation  of  a 
jelly-like  mass,  insoluhle  when  once  dried  Silica  skeleton  :  if  a  small 
fragment  of  a  silicate  he  dissolved  in  the  microcosmic  salt  head  silica  is 
liberated  and  floats  undissolved  in  the  head.  (Aluminum  hydro.xide  in 
small  quantity  ^ivcs  a  clear  l>cad.) 

Sulphuric  acid.  HoSO^.  Barium  Jih'ride  :  white  precipitate  of 
barium  sul[)hatc  which  i-  insc>lu!i!e  in  all  amis  and  passes  rcadilv  tlirr'i^,'h 
filter  paper. 

.1//  acuis  coittamini:  sulphur  :  fused  with  sfxlium  carbonate  on 
charcoal  form  sodium  suliihiiic.  a  solution  of  which  stains  a  silver  coin 
black. 

Sulphuretted  hydrocen,  H^S  Sulphuric  acid.  hot.  cone: 
liberation  of  liydrojjen  sulphide  recoj^niscd  bv  its  odour  and  bv  blacken- 
ing' lead  acetate  paper. 

SuLPHUKous  acid,  H2S0,.,.  All  acids  :  evolution  of  sulphur 
dioxiife.  Barium  chloride  :  white  prcciintate,  soluble  in  dilute  liydro- 
chloric  aiid  :  addition  of  dilute  nitric  iicid  and  heating  causes  the  fonna- 
tion  of  insr)luble  barium  sulphate. 

Sulphocyamc  acid.  HCN'S.  Fcrnc  chloride  :  blood-reil  colora- 
tion destroyed  by  mercuric  chloride  (cf.  a 'ctic  acid). 

Tartaric  acid,  (^IlfiO,,,  Sulphuric  a^id.  hot,  cone:  charring  and 
odour  of  burnt  su.uar.  Silrer  mirri^r  :  wann  the  substance  with  am- 
monia and  silver  nitrate,  metallic  silver  forms  slowlv  on  the  walls  of  the 
test  tube, 

TlliosuLPHURic  ACID,  Ib.SjO.,.  .1//  ,7i;>/,'c  .'  evolution  of  sulphur 
dioxide  and  precipitation  of  ^.ulpliur.  Silrer  nitrate  :  white  iirecipitate 
which  blackens  on  heating. 
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APPEXDIX 

L"i.A>;<;iFi~MioN  OF  Substances 

All  suhstamcs  may  he  <Hvi.le<]  into  two  ilasses,  Iwmocenc.^:,.'  and 
hctcroficucoits.  The  latter,  when  roughly  uniform,  are  called  unUnres 
rheiiropertiesofthe  comy.onents  of  a  mixture  are  the  same  a,  those 
of  the  substances  in  the  unmixed  state.  The  heteroK'eneitv  of  a  mixture 
can  usually  l.e  <ictectcd  by  the  microscope.  (Kxamples  :'  m,lk  granite 
gunpowder ) 

HomoKencoussubstan.es  are  divided  into  Chemic.'l  Sith^taucc^  (or 
Chemical  Individuals)  and  Solutums  (or  Phvsical  Compounds).  Chemi- 
cal substances  are  those  whose  comi)osition  does  not  varv  gradualiv  with 
the  conditions  (temperature,  pressure,  .-ind  concentrations  of  .urroun.ling 
media)  un.ler  which  they  are  produce!  When  reaction  takes  place 
between  members  of  this  class  to  form  other  chemical  substances  the 
I.roportions  involved  follow  the  law  of  reacting  v  eights.  (Kxamples  • 
magnesium  oxide,  water,  sodium  chlonde,  hvdrogen)  All  other  homo- 
geneous substances  are  called  solutions.  (The  term  solution  includes 
solid  solutions  and  so-calle.l  mixtures  of  ga-cs.  Examples  :  .a!t  solu- 
tion, the  atmosphere,  bra.ss.) 

Chemical  substances  are  divi.lcd  into  Elements  and  Chcnwal  Com- 
pounds. Elements  arc  chemical  substances  which,  up  to  the  present 
time,  have  never  I'cen  broken  up,  either  dircctlv  or  indirectlv.  into  other 
substances.  (For  list  see  p.  88).  All  other  chemual  substances  are 
called  chemical  compounds.  (Examples  :  magncMum  oxi  !e.  water 
blue    stone.) 

Atomic  Weights  .\nd  the  Periodic  Svste.m 
Reference  w.as  ma.le  on  page  17  to  the  selection  of  particular  simple 
multiples  of  th.  cac  tmg  weights  as  standard  units,  called  atomic  weights 
The  choice  was  made  with  a  view  to  arriving  at  the  most  generallv  u>eful 
set  of  numbers.  One  of  the  most  important  con.siderations  in  tin.  choice 
IS  the  fac  t  that  wlien  these  particular  numbers  are  c  hoscn  a  verv  striking 
relation  between  them  and  the  general  proporti,  of  the  elements  is 
observed. 

When,  namclv,  all  the  known  elements  are  arranged  in  h.,^^ontal 

rows  in  .-Lscending  order  of  their  atomic  weights  so  that  ever\-  eighth 

clement  falls  in  the  same  vertical  column,  it  is  found   that  a  natural 

grouping    of    the    elements    has    been  arrived  at ,  the  vertical  columns 

'  Oradu.^il .  li.iii^ios  from  jKiint  to  point  throuph  the  m;i-is  ^m-h    is  tl-.)s,.        .  ,^ 
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containing  cU'ir.ents  with  the  >an'.e  valency  (sec  p.  77),  and  roughly 
similar  'general  (prDiierlu-^  The  elements  witli  hase-fomiin^  pnjperties 
fall  in  the  lowei  left  hand  part  of  the  taltle,  while  in  the  upi)cr  nght  hand 
l^'irt  are  found  the  elements  with  must  stronj^ly  marked  aeid-formint; 
pnijierties.      (I'nr  further  <letails  rcmsult  any  text-book  on  chemistry.) 


FoKMt'l.A    WkiGHTS    or    MoI.KC  II.AK     WeICHTS 

Just  as  particular  multiples  of  the  reactini^  weights  were  chosen  for 
the  elements  with  the  idea  of  ronveying  as  much  information  as  possible 
by  one  number,  so  also,  for  the  same  jjood  reason,  special  multiples  of 
the  rea' ting  weights  of  chemual  comi)ountls  have  been  selected  and 
called  jt^rmiila  uvit;lits  or  molecular  weights.  The  information  convt.eil 
by  tlie  f'  rinula  wt'ight,  in  addition  to  that  based  on  the  law  of  reacting 
weiglits  (lor  which,  of  course,  one  simple  multiple  would  be  as  good  as 
anotherl.  has  reference  to  tlie  tolitmc  relations  of  gases.  It  has  been 
discovered,  namelv,  that  the  Mvit;/i/.v  0/  equal  :\ilitme>  aj  t^aseoiis  chetnii.iil 
subsliiHiC.^  stand  approximately  i)i  the  ratio  of  simple  multiples  of  their 
reactini:  ■dei:^hts.  when  the  pressure  and  temperature  are  the  same. 
(See  Exps.  ])  37.)  Hence,  by  choosing  these  particular  multijjles  of 
the  reaiting  weights  the  numbers  ol>t<iiiteJ  will  represent  appritximtilely 
the  ueirhts  of  equal  volumes  of  the  iniseous  suhstances.  These  are  called 
molecukir  or  formula  weif^hts,  beca'»se  the  chemical  formula'  are  so  chosen 
as  to  represent  these  weights,  in  adcHtinn  to  the  <ompositi(jn.  (The 
volume  OLCujiied  by  (^ne  formula  wciidit  of  a  gas  at  0°  and  760  mm 
pressure  lia])pens  to  be  22.4  litres.)  For  in>tance.  if  the  law  of  reacting 
weights  were  the  only  thing  ci.nMdered,  we  might  use  HCl.  H^.Cl^. 
H,Clj.  et  .,  for  hydrochloric  aiid,  H/).  Il^()_,.  eti  .  for  water,  CH._,0. 
C._,H.,(.)^.  etc,  for  acetic  acid,  as  reacting  weights,  but  since  the  same 
voluini"  (22.4  litres)  of  these  gases  weigh  about  ,^').4'>  g,  1H.02  g,  and 
60  04  g  re--pectivel\',  the  formula  weights  are  chosen  as  HCl,  H^,0  and 
r_,H,^()^  *'f  course,  all  the  formula  weights  nught  be  doubled  or 
trebled,  etc.,  and  the  volume  taken  as  44. S.  or  ''7,2.  etc..  I'Ut  for  eon- 
venieni.e  the  smallest  pcjssible  set  is  ehosen  that  will  in  no  case  lause  a  frac- 
tion of  an  atomic  weight  t(j  appear  in  a  formula. 

Since  nian\  of  the  I'lements  are  gaseous,  iMrniula  or  molecular 
Wi'ight-  'lave  been  assigned  to  them  in  addition  to  their  atomic  weights. 
For  c.xan-.].i!e.  22,4  litres  of  hvdrogen  weigh  about  2.02  g.  the  same 
volume  of  o.xvgen  about  ,^2  g.  and  the  same  volume  of  phosphorus  v.apour 
about  124  g  (/'.('..  4V11.0),  consequently  the  formula  weights  of  the-e 
clement-  are  taken  a,-^  H_,,  ()_,.  anti  I'^  rcspectiwly, 
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L>jfinite  formula  weights  are  also  assigned  to  substances  which 
canntit  be  gasitied.  but  this  is  for  an  entirely  different  reason  which  need 
not  be  yone  into  here.     In  a  few  cases  there  is  no  reason  at  all. 

Valency 

Although  the  reacting;  weights  of  substances  may  be  known,  it  is 
still  ne(.essar\-  to  ascertain  what  partuular  multiples  of  these  are  involved 
in  any  >})ecial  reaction  before  our  knowledge  of  the  quantitative  relations 
of  the  process  is  complete.  Although  this  knowledge  can  be  gained  with 
certainty  only  by  direct  experiment,  nevertheless  there  are  certain  rough 
generalisations  which  render  it  possible  to  make  fairly  j,o<jd  guesses  as  to 
what  will  happen  in  specific  cases,  and  which  moreover  help  us  to  remem- 
ber easily  a  large  number  of  experimental  results. 

These  generalisations  are  embodied  in  the  principle  of  valency. 
When  two  elements  react  to  form  a  chemical  compound,  or  vice  vnrsd, 
or  when  one  element  reacts  with  a  chemical  compound  setting  free 
another  element  ("replacing"  it)  and  forming  another  chemical  com- 
pound, in  the  proportion  of  one  reacting  weight  (R\V)  of  one  element  t  j 
one  RW  of  the  other,  the  two  elements  are  said  to  have  the  same  valency. 
Examjile  ;  Since  magnesium  and  oxygen  react  according  to  the  equation, 

Mg  -F  O  =  MgO (a) 

they  have  the  same  valency  in  this  rer.ctijn.     Or,  since 

zNa  4-  2U.p  =   H.  -\-   -XaOH.      .      ,     ,     (b) 

stu'iuni  and  hydrogen  havi   here  the  same  valency. 

In  j^eneral,  when,  in  sach  reactions  as  the  above,  two  elements  take 
part  m  the  proportion  of  x  RW  of  one  to  y  RW  of  the  other  the  valencies 
of  till'  two  elements  are  st^id  to  ho  in  the  inver.;e  ratio  of  v  to  y.  For 
examj'le,  since 

Mg  +   2HCI  -  IL,  +  MgCl_,     .      .      .      .     (e) 

the  viilinty  of  magnesium  is  said  to  be  twice  that  of  hydrogen  in  this 
reaction. 

Now,  1/  lias  been  jomui  that,  by  a  jndii  iotis  choice  ii  constant  valency 
can  be  (i,vMt;i;cJ  to  eacii  clement  a'/n'c/i  will  be  in  accord  u-ith  tluuibore defin- 
ition in  a  larf^e  number  of  reactions.  For  instance,  if  the  valency  of 
hydfigen  be  taken  as  one  as  a  starting  point,  that  of  magnesium  must  be 
taken  as  2  <>i\  account  of  reaction  (c)  above,  and  consequentlv  that  of 
(>x\t;en  must  l)e  taken  as  2  also,  owing  to  reaction  (a).  Now  these 
valencies  also  accord  with  the  reaction  between  oxyge'iand  hvdrogen  to 
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form  water,  in  whuh  two  R\V  hylroKcii  unite  with  cne  RW  (ix\gen,  an<l 
are,  'therefore,  so  far  i onsistent      A>;ain,  sintc 


ill 


PI  I,, 


the  valeni'V  of  ]jli(Js|ihorus  niu^t  be  taken  as  3,  whith  is  also  in  ai.ioril 
with  the  reaction 

2P  +  3O  =   P.  O,, 

according;  to  which  the  valencies  of  phosphorus  anil  oxy;_;cn  must  ^tand 
in  the  ratio  of  3  to  2.     And  so  on  in  many  other  cases. 

Tliere  are,  iimrevcr,  many  reactions  u'itli  :i7iic7i  this  idea  o;  \>nstant 
•ralency  cannot  he  made  consistent,  a)i<i  in  a  niimlier  oj  cases  it  i>  jounJ 
uecessarv  to  attribute  two  <^r  more  •,ale}icies  to  the  same  element  in  order 
that  there  may  he  no  ci'ntrcuiutions. 

The  following  taMe  of  the  commoner  elements  with  their  valencies 
covers  most  of  the  ordinary  cases,  and  will  he  found  a  useful  aid  in 
rememlieriny    and    predicting    ijuantitalive    relations. 

T.\HI.K    Ol-    V.\LEN('IES 


(U'nerall.N 

coiT-tant 

t'oininunly 
ileiit         hlement 

\  .iri.iMu 
V.il.iuy 

Munoviilent 

Divalent 

Thvalenl 

T;.-tlavi 

Hydrii>;en 

Lithium 

Sodium 

Calcium 

Strontium 

Hariuni 

Boron 
.\luiiuniimi 

Carlion 
Silicim 

\ur<i^;en 

Phosjihorus 

.\rsenu' 

,1.  5,    etc 
.?■  5 

,1  ■  .^ 

Potassium 
Silver 

Magnesium 
Zinc 

.\iitiniony 
Bismuth 

0  '  .^  ■  * 

Chlorine 
Bromine 
Iodine 

Cadmium 

Copper 

l-Nickel 

iron 

Cobalt 

Mercury 

-■  ,5 

Lead 
O.xyRen 

Tin 

Chromium 
Sulphur 
.\lan>,Mnese 

.'.  4 

^<).    etc 
0.   etc 
.'7,    etc 

Owin^;  to  the  c<.invenience  of  the  i)n  .-.iple  of  valcncv  it  has  been 
found  advantaj^eous  to  extend  it  to  ,•  number  of  imai^inary  ,.ontpo:tnds. 
For  instance,  since  the  compositions  of  sulphites  are  represented  bv 
H^SO.,.  Na^SO,,.  ZnSO^,  Al,  (S04).,,etc.,  the  constant  valency  2  can  bcc(jn- 
sistently  assijj;ned  to  the  imaginary  compcjund  SO^.  just  as  if  sodium 
sulphate  could  be  formed  by  the  reaction 

2Xa  +  S0<  =   Na.^SO^ 

zinc  sulphate   by  the   reaction 

Zn  4-  SO^  =  ZnSO^ 
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REVERSIBI  E    REACTIONS    AND    EQIILIBRIUM 

aluniiniuni  sulphate  \>v  tlio  reaction 

2AI  +  ^^SO^   =    Al^  (S0^)3.  etc. 

The  t'dllowiiiK  hst  K'Vfs  llie  valencies  assigned  in  a  similar  way  to  a 
number  of  imaginary  >  omjiounds  (so-called  "radicals"),  which  will  lead 
in   most   cases   to  consi>tciit    results  : 


TaHLE     of     \'Al>NriES     OF    THE     COMMONER     RADICALS 


M('iuK  akilt 

\(), 

C.,M,0  (Acetic  and  radical) 
OH 

MnO, 


DtViileitt 

CrO^ 
CO. 


Trivalent 
PO, 
PO, 
As(J^ 
AsO., 


It  will  be  readily  seen  that  since  hydrogen  is  monovalent  the  valency 
of  an  acid  radical  is  the  same  as  the  number  of  reacting  weights  of  hydro- 
gen that  can  be  set  free  from  one  reacting  weight  of  the  acid  bv  a  metal. 
This  IS  called  the  basicity  of  the  aciii. 

I  The  student  should  practise  guessing  at  chemical  eijuations  with 
the  aid  of  the  above  valendes  and  should  compare  his  results  with  the 
experimental  facts  recorded  in  liooks  on  chemistrv.  (See  Section 
XXVII,  p.  51  )  It  shouM  be  renumbered,  however,  that  the  principle 
of  valency  may  lead  to  ambiguous  results  in  many  cases,  and  even  to 
erroneous  cines. 

Reversi'iik   Rr.ArTiONs  and   Egni.iBRUM 

It  has  alreadv  been  pointed  out  that  almost  all  reactions  in  solution 
are  reversible  i\>.  42).  There  are  also  many  other  reversible  reactions, 
such  as  the  evolution  of  carbon  dioxide  by  chalk,  the  change  of  water 
to  water  vapour,  the  solution  of  one  substance  in  another,  etc.  In  all 
these  reactions  the  process  can  be  made  to  go  in  either  one  direction  or 
the  other  by  slight  changes  of  conditions.  When  the  state  has  been 
arrive  at  in  which,  under  the  exi.■^tlng  conditions,  there  is  no  tendency 
for  the  process  to  take  place  one  way  or  the  other  fquilibrinm  is  said  to  be 
established. 

in  some  <  a.sos  equilibrium  is  reached  almost  instantaneously;  in 
other-  it  mav  require  many  hours  or  even  years.  In  the  solution  of 
common  salt  ir.  water  (/•.v/'.s.  xviii  and  .vi.v,  p.  22),  'he  state  of  equilib- 
rium (at  ordinarv  temperatures  i  part  of  water  to  0.36  of  salt)  was 
arrived  at  from  two  dilTerent  sides;    on  the  one  h.-ind,  from  water  and 
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salt  \<\  lombinatKn,  ;inil  on  the  otluT  hand,  fmni  tlit  '  Vujicr-aturateci 
solution  "  and  -alt  l.y  seiiaraluin  oi  salt  frdin  the  iKjuid.  Both  tlK-e  pro- 
^es-^es  required  i  on-ideralile  lime.  Compare  also  Cdadstonc's  e.\(ieri- 
ment,  mentioned  on  p  42.  in  whuh  e(|uilil'nuni  is  reai  hed  almo-t  tn^tan- 
taneouslv.  In  all  lases  of  true  e(|uilil.riuni  the  same  state  is  eventually 
reached   from   whichever  -ide   the  reaction   proceed- 


Katf.  of   Rfactiom 

Many  of  the  experiments  (lescnlml  m  tin-  tuok  atTord  evidence  of 
the  tact  that  the  rates  of  reac  tic^n  in  ditTerent  c  a-es  vary  between  ver\- 
wide  limits  Compare,  for  instance,  the  slc^w  -okilKjn  of  copper  ulphate 
iE\p  i.p  2).  or  magnesium  (/-.'if  \.i.p  k;)  with  tlie  almost  inst  nitanenus 
precijiitation  <<f  lead  chromate.  sulphide,  itc  (p.  50)  It  1-  also  evident 
from  the  experiments  that  the  rate  cf  a  jiartuular  reaction  is  much 
affected  Ijv  ccjnditions.  such  as  tdiiperature.  state  of  division  <ii  -"lid-. 
concentration  (>f  solutions,  etc 

The  laws  j^oveniin^;  rate  of  reaction  are  rather  complex,  hut.  (juali- 
tativelv.  thev   may   be  stated   as   follows  : 

(i)   The  rate  increases   rapidly   with   rise  of  temperature 

(2)  The  rate  K^'ntT^dlv  increases  with  the  c  cincentration  of  sub- 
stances which  (/iMi/'ff(ir  during  the  reai  tioii.  and./<c  rccj,sf.\  with  tl-.eciiv  cn- 
tration  of  the  prihlmts  of  reaction. 

(3)  Where  changes  from  one  state  (liciuid.  solid  or  ^a^eou.-)  t(j 
another  are  involved  the  rate  increases  with  the  area  of  the  surface 
separating'  the  two  states.      (Example  :    solution,  evapcjratif.n.  etc  ) 

(4)  The  presence  of  some  materials,  not  apparently  directl>-  con- 
cerned in  the  process,  has  often  an  accelerating'  effect  on  the  rate  The^e 
are  called  <(i/ci/f,M'r,v.     Hydrov,'enion  and  platinum  black  are  examjiles. 

(5)  In  many  cases  where  a  change  in  state  is  involved  the  reaction 
will  not  be>,'in  unless  a  f.mall  quantity  of  the  product  of  the  reaction  is 
alreadv  present.  (Kxamples  :  separation  of  salts  from  sonic  super- 
saturated solutions  as  in  E\p.  n:.  p  3.  '  bumping"  of  liquids.  Exp.  1. 
p.  2).  A  liquid  when  raised  above  its  boiling  point  will  alwa\s evapor- 
ate from  the  surface,  but  often  will  not  form  bubbles  of  vapour  within 
the  liquid  unless  minute  bulibles  are  already  present,  or  unless  the  tem- 
perature is  raised  considerafily  aliove  the  boiling  point.  Consequently, 
bumping  mav  (je  prevente<l  by  the  presence  of  porous  materials,  such  as 
unglazed  porcelain  etc.  Bubbles  of  air,  sharp  points,  shaking,  crystals 
isomorphous  with  the  product  of  reaction,  also  aid  in  initiating  such 
"  delayed  reactions." 
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i'xpcnmciit  The  fcllowinn  cxi^rirncnt  shows  tht  effects  of  concen- 
tr.itioii,  tenipcnituri',  and  the  |>rcsrn>  e  of  a  i  atalyser(man>,'ancse  sulphate, 
one  of  the  produits  of  reaction,  in  this  cast)  on  the  rale  of  reilu(  tioti  of 
jiotassium  pcrnianv^anatc  !■>•  oxalu  acid  Tlinc  solutions  are  rei|uired  : 
o  '14  k'  I'otasMuni  pfriiiaii^anatc,  i.^  j;  crvstallised  oxahc  ai  id.  and  jo  ^i- 
(onc  suliihiinc  aiid.  lai  h  made  up  separately  to  aliout  200  (1  witli 
water.  They  will  Le  dcsiy;natcd  I'm.  (h  and  .U  respectively  K(|uai 
volumes  of  these  solutions  (ontain  the  permanganate  anil  oxalii  ai  id  in 
the  proportions  required  by  the  equation. 

zKMnO^  +  sC.jr.O^  +  Ul/O.,    =^    K^SO^  +  .-MnSO,   r    MIJ)   +    lolTX. 
liut  sixty  times  ;is  much  suljiliuric  acid 

Compare  the  times  required  to  decoloriM-  the  following;  soluti'iis, 
mixinj,'  them  in  the  (jnkr  v;iven.  and  lountriK  the  time  Irom  the  moment 
of  adding;  the  I'ln  The  volume  may  he  measured  hv  mean.>  of  ilie 
t;raduated  test  tube.  Ii\f    \\\.  p    51). 

(a)    Water  2   cc.  (h   20  cc.    Ac  40  cv.  I'm  2   cc.   (total  volume  fj4  cc) 
'I')        "       32  <i-,   "     20  ic,     "      10  cc,     "     2  cc 

(c)  '         o  ic.   "     ;o   cc.     "      40   cc,     "      4   cc 

(d)  As    in    (a),    but  Ix'at  solution  to  nearl>-  lioilin^  before  adding'  I'm. 

(e)  Tosolution  (a)  alter  reduction  of  tir^t  portion  of  I'm  add  a  scumd 
portion  of  2  kv. 

In  drawing;  the  ((.niluMons  as  to  the  rates  (  f  reaaion.  note  tha»  in 
experiment   (c)  ticuc  us  miuh  perman:-;anate  has  to  lie  reduced  as  in  (a). 
See  also  experiment  (a)  p.  83. 


Oxin.\Tio.>:   .\Ni)  Rkihttion 

These  terms  arc  in  icmmon  use  to  lie^ij^mate  certain  classes  of  chemi- 
cal reactions.  In  the  more  limited  sense,  wlien  a  chemical  sub;  tance 
combines  with  oxyj^en  or  takes  up  oxygen  from  a  com[)oun<I  it  is  said  to  be 
oxidised  (c.fi..  maf;nesium  and  oxyjjcn  changinK  to  magnesium  oxide, 
buminj,'  of  charcoal  by  potassium  nitrate).  Conversely,  when  a  chemi- 
cal substance  loses  oxyj.;rn  it  is  said  to  be  reduced  (c.f...  reduction  of 
sulphate  of  sodium  to  sulphide  by  c  harcoal,  reduction  of  copper  oxide  to 
copper  by  hydrof;en.  Exp  xiii,  \i.  10).  Owin^'.  however,  to  the  frequency 
of  reactions  in  which  oxygen  is  removed  bv  the  action  (jf  hydrojjen  with 
the  formation  of  water,  the  addition  of  hydroj,'en  to  a  chemical  substance 
IS  called  reduction,  and  the  removal  of  hydrogen,  oxidation,  although 
water  may  not  be  formed  at  all.  The  term  oxidation  is  even  extended 
to  reactions  involving  an  increase  in  the  proportion  of  things  which  easily 
replace  oxygen  in  compounds,  such  as  chlorine,  sulphur,  acid  radicals, 
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ANSI  and  ISO  TEST  LHARI  No    I 


1.0 


l.i 


li.. 


®      III— 

''     ill  ^'^ 

j|||L2£ 

III  1.8 


1-25   iu 
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luKjnc.e  (see       Mcnurv.     p,  5^  ) 

Cornnion  oxM.Mn,  a„,i  r.,!,,:,,,,  auent.  us..,i  ,n  the  lahoraturv  arc  : 


Potassium  [HTnianf^'aiiaie 

Potassium  clilorate 

MaiiL;anese  liioxiile 

Xitri,   ariii 

Aqua  rc't,'ia 

("hlnrinc 

Potassium  l.u  hromatc 

Ferrir  c  hlon.ie 


Potassium  stannite 
Hyiir.  )i,'en 
Stannous  ihli)ri(!e 
Hy(iro),'en  sulphide 
SoiHum  sulphite 
Ferrous  suljihatc 
Oxalic  acid 
Carliun 


FiKTHER  Ap,.,,,rAT,ovs  OF  THK  Mass  Law  am,  I),ssor,AT,oN 
S^I:^,.,,,>!proip,LUc.    u,   .uUs.      When    the   s,„htlv   soluble   salt 
ad  oxalate,  .s  shaken  up  wuh  water  untd  a  saturated  solution  .s  formed 
ho  sma  1  amount  „,  oxalate  d.solved  ,s  lar.elv  d,s.ouated  mto  leJ^u  n 
and  oxalat.on    whuh  are  „,  eMu,Hhnun>  w,th  the  m.nute  quanftv  of  sfU 
und..,oated  lead  oxalate.      The  latter  suhstanee  is  ,n  equ.l.hnun,  w    h 
he  soh     .dt       I,  anythu,,  should  occur  to  reduce  the  concentraUon  of 
he  o    da^,on    he  d.socua.on  wdl  increase  (see  p.  49),  the  und.ssoc.ated 
oxdat.    Mil   decrease  m  concentrat.on.  and  consequontlv  more  of  the 
sohd  salt   wdl   d,s.,lve_     Th.  ..  exactlv   what   happens   when   a  strong 
acHl  ,s  ad.led  to  the  solution.    Hvdrogemon  ts  a.idcd  m  a  large  quant, 
whu  h   immed.atelv   forms  und.ssocated   oxalic   acd  with  tte  oxalat.on 
(sec  hst  !  clow,  p.  S,,,  whose  concentration  ,s  therel.v  greatlv  reduced 
Iry   the  experiment,   using  nitric   aud 

With  the  salt  of  a  .,.„>„  acd,  such  as  lea.i  sulphate,  the  case  i. 
differed,  tor  he  hydrogenion  added  w.ll  not  umte.  to  anv  great  extent 
with  the  ^ulphation  to  form  undissocated  .sulphuric  acid  (See  li'"  ) 
Consequentlv,  the  .solubility  of  lead  .^ulphate  is  not  much  affected  l.v  the 


addition  of  a.'ds 

It  may  he  predicted,  therefore,  that  slightlv  scjlul 


sisting  of  the  salts  of  weak  (slightly  dissociated 
'".ssolved  by  strong  aci<is.  whereas  if  the  preciiMtat 


iible  pre( 


ipitates.  Con- 


di 


acid  1 


)  aiicb 


will  probablv  be 


ts  solubihtv 


be  little  affected 


pitate  IS  the  salt  of 


ever,  !s  not  genera 


it  is  possible  that  the  salt 

«2 


by  other  acids      The 


:i  strong 


nile,  how- 


tTiay  be  so  extreme! 


EXTENT   OF    DISJOCfATlON 


insuluhle  that  even 


in  solution  will  not 
is  the  case  with   n 
The 


a  great  reduction  in  the- 


ca 


use  appreciable 


■oncentration  of  the  acid 


ion 


quantities 
se   wiin   many  of  the  sulphides  ^ "'^'      """ 

/•-  *  ren,,u;,t  to  ,llustrate  precipitation  rau.scd  hy  chanoe  n,  dtsso  i  „i 

"^:z :  ^:?  ;:::^t'™^  ca,c.un,  su,p,4te.  'i::f:z::z 

t.lter,  take  two  portions  of  the  filtrate   ahout  eir       ,     .?         "' 

a  .Imp  of  d,l,  sulphunc  acui  an.i  to  the  o  her  a  ^kon  of    T     "V?  ""' 
-lution,  and  shake  vigorously.     Explain  the  results      ^''"""  '"''""^'^ 
typcrnncutto  Ulnstrate  cha,„e  :„  d:ssociation  of  an  aaj 

Ar/ange  three    "es^^ult  cTntli^^^r  lll^  .o^'^^^^^^ 

■sodium  thiosulphate  solution.      In  three^t L!  t  It  tube      "  '  ""'"'•"  ^'^^ 

a  <lrop  of  dil.  hvdrochloric  acid    -.   ,  "''^  "  .''"  ^<^^'  ^^''^s  put,  respectivelv, 

acid  diluted  fift^-foH  wuh^r^e^  Ta"  ;::t;r '"  ''■}^^^-^^^-^^ 

(h)   N'ext  make  two  exiierimpnt^  in  fi,^ 
acetic  acid  in  one  test  tube  T,  """  ""''''■  "■''"«  ^  '"'™P  "f 

a  .Irop  of  a  5-  soi'um  atlt  ',  ""'"'"''  "'  '  ^'^"^'  «^  acetic  acid  and 
of  thLulphaVe'to  each  .fa tv-e  "tL'"  '"  "''-^^'  '""  ^'"'^^  '°  - 
using  different  quantities  ^-tdlL  aceLr"""""  '^''  "^  ""'''''  '^ 

Uhat  effect  has  the  sodium  acetate  h-iH  ^„  n, 
-av  the  effect  be  explained  by  thrlts  law^      '  ""'"  '''''     "°" 

ExTE.VT  OF  Dissociation 

The  following  rough  classification  gives  an  ide;,  of  fh        ,  .■       .- 
sociation  of  substances  in  -.r..^^         .  ^  ^'^^  relative  dis- 
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atily  less  dissociated  than  thd^e  i>f  monovalent  ones);  hydnxhloric, 
hyilroliromu',  hvdnodit .  nitric,  chlorii-,  penhloru  .  stilplioi  vanu  .  and 
sulplniric  acid  ;  h\  ilrnxidt's  of  the  alkali  nictals  and  ot  i.:ikuiii'.  ^tpiniium 
and    barium,    the    tetra-alkyl-amnionium   ba^es. 

.\/('(/<T!(/(/v  (li^^i'i  uilcl  llici^jiliorii  .  sMlpliiinnis,  hvdri  itUinric  and 
oxalii.    acid;    magnesium  hydroxide  and  cadmium  iodide 

Slif^hlly  dissoi  idled  :  Acetic  and  many  other  organic  aci'i-:  •  ar- 
bonic,  hvdrosnlphuric  .  li\  clr.K  \  ar.K  .  Imracic  and  silu  ii  aiid,  n.er- 
curic   salts. 

l^XrKKlMKX'IAI.     EkKOK 

It  IS  important  that  tiu-  intiuciice  ot  rxp'trimental  error  (  n  nuir.cru  al 
results  should   be   thorougliK'   under- tood. 

When  the  lesult  scnight  l^  pr,>pi')lii>nal  to  some  cxpcnir.ental  n.ca- 
surement,  ;  t'  .  is  obtained  t'r<jm  the  latter  by  multiphcaiu'ii  it  iii\  i-i'ui  b\- 
accuratcK'  known  number.^.  ,nc  relative  error  m  the  re.-ult  will  le  tl.e 
same  as  in  the  original  experiniental  value.  When,  however,  the  result 
is  olitained  bv  subtracting  a  value  item  an  experimental  nun.!  er  ll.e 
relative  error  mav  be  muc  h  greater  in  the  result  than  in  the  measurement. 
For  example,  if  the  weight  ot  the  magnesium  oxide  prr;duced  in  Exp.  v, 
p.  7.  le  considered  as  the  experimental  value  subject  to  ern  .r  lowing 
to  incomplete  combustion,  etc),  then  the  relative  error  111  tlie  rataj  of 
oxvgen  to  magne>ium  will  be  the  same  as  that  in  the  weight  ot  magnesium 
oxide  found,  assuming,  of  cour-e.  no  appreciable  error  in  the  other  quan- 
tities involved.  If.  however,  the  actual  error  in  ;cc!i;/n')ii;  is  ci  n-i^lered, 
then,  m  order  that  the  weight  of  magnesiu'.n  (say  o.  i  g)  may  be  ai  c  urate 
to  (sav)  1  m  1000.  the  weight  of  the  crucible  plus  magnesium  (about  1  5  g) 
must  be  determined  to  about    1  m    15000. 

I'll-  (V/iT  t-rrcr.  Percent,  error  is  the  error  per  100  in  the  value  con- 
sidereil.  For  instance,  if  th;  result  200  is  wrong  by  i  the  per  cent,  errcjr  is 
0,5;  if  t)ie  result  20000  is  wrong  bv  100  the  error  is  0,5  ]>er  cent.,  ami  if  the 
value  0.00200  IS  wrong  by  i  in  the  tifth  decimal  place  the  per  cent,  error 
IS  again  0,5,  It  is  clear,  therefore,  that  it  is  quite  meaningless  to  say 
that  two  results  agree  to  sucli  and  such  a  decimal  filace.  unle>s  ihe  num- 
bers expressing  the  results  are  also  mcnti'med.  The  statement  of  the 
per  cC))/.  difference,  however,  gives  at  once  all  the  information  necessary 
for  gauging  the  reliance  to  be  placed  upon  the  determination. 

In  all  experimental  work  it  is  important  to  bear  in  mind  the 
accuracy  desired  <ir  possible  in  the  result.  In  Exp.  .vvrn;,  p  37,  for 
example,  it  is  probablv  not  possible  to  attain  a  greater  accurac\  than 
about  0,5'/,'.     It  would,  therefore,  be  waste  of  time  to  weigh  tlie  water 
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driven  over  (about  loo  k)  to  less  than  a  deiiKrani,  whuli  gives  an  aciu- 
racy  of  o  i  in  loo,  or  o.i';;.'  The  weight  of  the  magnesium,  upon 
whicn  the  final  results  also  depend,  must,  however,  l.e  (ieterniined  to 
the  fourth  (lennial  j.laie  in  order  to  ol.tam  the  same  relative  accural  v. 


("iLASS     BlOWI.ST. 

Under  this  head  will  he  given  a  few  general  directions  for  perfnriruig 
some  of  the  simplest  operations  in  glass  lilov:n,;.  p^n  instructions  are 
of  httle  use,  as  the  ditficulty  is  not  so  muih  Knowing  what  to  ilo  is  in 
doing  It.  and  skill  in  the  more  advanced  work  can  Le  acquired  only  l.y 
lengthy  and  patient  practice 

Cutting  Class.  An  indispensable  to(;l  of  the  glass  blower  is  the  glass 
knife.  An  ordinary  old  penknife  of  good  steel  (Rodger's  blades  always 
give  satisfactorv  results)  may  Ik;  converted  very  easilv  into  a  nio,,t  con- 
venient form  of  glass  cutter  The  blade  should  be  heated  to  a  bright  red 
heat  in  the  blow  pipe,  and  plunged  suddenly  into  a  beaker  (^f  water  held 
as  close  as  practicable  to  the  flame.  The  edgf  should  then  1  e  ground  to  a 
somewhat  more  obtuse  angle  than  the  original,  as  it  thus  1  eccnies  more 
durable  than  the  acute  edge  which  rapidly  chijis  ofT. 

To  cut  a  tube  of  any  size  up  to  about  15  cm  diameter  a  single  deei> 
scratch  on  one  side  of  the  tub.e  is  all  that  is  necessary.  Kv  breaking  the 
tube  away  from  the  notch  a  perfectly  straight  edge  on  both  pieces  of 
glass  is  usually  obtained.  It  is  a  mistake  to  use  a  sawing  motion  with 
the  knife.  The  best  effect  is  got  by  pre.ssmg  the  tube  with  the  thumb 
hrmly  against  the  knife,  held  under  the  four  fingers  in  the  palm  of  the 
hand,  and  giving  the  former  a  rotation  through  a  small  angle  This 
method  cannot  Ije  employed  if  the  glass  is  verv  thin-walled  {f  c  a  test 
tube). 

To  ait  -rcry  lari^e  tubes  or  bottles,  or  thin-ualkd  tubes.  A  short  scratch 
should  be  made  with  the  glass  knife  in  the  direction  of  the  desire<1  cut. 
By  holding  a  red-hot,  iron  rod(a  large  nail  in  a  handle  or  the  soft  end  of  a 
file  will  do)  about  one  mm  in  front  of  the  scratch  for  few  moments  a 
crack  will  start  towards  the  iron,  and  may  then  be  led  m  any  direction 
desired  by  keeping  the  rod  a  few  millimetres  in  its  advance. 

Position  of  hands  in  ^lass  blouniip.  When  a  i>iece  of  tube  is  to  be 
drawn  out.  or  two  pi.ec  es  are  to  be  joined  together,  the  longer  and  heavier 

'  It  is  also  w;isle  of  tunc  to  work  cjut  u  re.sult  to  si.x  or  seven  sii;niticant  lik'nres 
when  the  expenmental   value  frnn,  which  it   is  derived  is  accurate  to      av)  on  v 

°  '  r    "'"';    .K  "  '^  "^^"  *^""'^;"'  ^'  '•''™"-  '^  ■  '^  "■■'^'^^^-  '^  known  to  (sav)a  milli- 
Krarn     and    the    three  ti^ures  after  the  <lecin,al  iK,int  happen  to  be  zeros    it  is  a 

a";::"  has"ueen  ;:;ad:  ''^"'  "°^^"'  ■"'  '''''  ''^-  -'''  «>^-  '— -v  the  dete^in- 
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part  should  be  held  in  the  left  hand  with  the  kniukles  upwards,  and  the 
li.uhter  part  in  the  riijht  hand  with  the  knuckles  dovvnwanls.  (See 
Fi^'.  S.)      In  this  way,   Ia-  ri)llin^,'  the  ,i,;lass  bat-k  and  forth  over  the  end 

of  the  left  thumb,   anil   over 
/^ X"^        \     y'         ^^^^^^-^  the  tips  of  the  tinkers  of   the 

"  ^    riajht    hand,    a    slow,     rotary 

motion  backwards  and  for- 
wards may  be  produced.  This 
motion  must  be  kept  up  hoth 
when  the  i^lass  is  in  the  flame 
aiui  tilsit  ;cliiie  it  is  heiiii^iiriiiiu 
out  or  blown,  oittsi<ie  the  flame. 
It  is  worth  wliile  practisint.'  tin.-  motion  with  two  (lencils.  The  e 
mu>t   be   kept   rev(jlvin^  axially  and  at  the  same  rate. 

Position  of  ,^lass  in  the  flame.  The  j,;lass  should  be  held  al)out  two 
thirds  of  the  way  up  the  Hame.  and  in  sut  h  a  position  that  the  flame  laps 
round  evenly  on  both  sides  of  the  tube.  The  blow  pij>e  should  be  placed 
so  that  the  flame  points  at  a  slight  an-tle  away  from  the  operator. 

Drau'infi  out  tithes.  The  main  p'oint  to  be  remembered  in  addition 
to  the  above  is  that  the  tube  must  1  e  -emoved  from  t!ie  flame  before 
I'Cginning  to  draw  the  hands  apart.  For  very  thin  glass  the  Hunsen 
burner  may  be  used  with  advantage  instead  <jf  the  blow  pipe.  Beginners 
will  find  great  difficulty  in  getting  the  drawn  out  part  coaxial  witli  tlie 
(jriginal  tube. 

Joinini;  tubes  end  to  enJ.  Seal  up  tlic  longer  tube  bv  drawing  out 
the  end  to  a  capillary  and  then  fusing  th,e  thin  glass  together.  This 
closed  tul'C  must  be  held  in  the  left  hand.  Rotate  the  two  tubes  in  a 
fairly  large  flame  till  the  edges  just  I  egin  to  fuse  evenly.  It  is  easy  to 
see  if  th.e  heating  is  uniform  by  watching  the  sodium  light  impar'ed  to 
the  flame  by  different  sides  of  tlie  glass.  Each  part  of  the  edge  should 
give  the  yellow  light  to  the  flame  to  the  same  extent.  Then  bring  the 
two  pieces  of  glass  lif,htly  together,  remove  them  quickly  from  the  flame 
and  blow  at  once  into  the  end  of  the  tube  so  as  to  swell  out  the  glass 
slightly  at  the  joint.  Then  immediately  rejjlace  the  work  in  the  flame 
(reduced  to  a  small  jet),  and  heat  the  joint  thorough! v  till  tlie  glass 
begins  to  fall  together  and  thicken.  Then  remove  the  tube  from  the 
flame  again  and  blow  it  out  to  a  unifonn  thickness.  Difhculty  will  be 
e.'tp'rienced  in  not  pulling  the  tubes  apart  while  blowing  and  thus  making 
the  glass  too  thin  at  the  juncture.  It  is  better  to  get  it  too  thick,  as  this 
can  be  easily  correcte<i  afterwards  by  gentle  blowing  and  pulling  asunder. 
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It  must  be  rcmemhered  that  it  should  never  l.e  nccessarv  to  blow  hard. 
The  glass  should  always  be  soft  enough  to  be  blown  out  ensily.  The 
natural  tendency  at  first  will  be  to  heat  the  glass  insuffiuently  owing 
to  the  difficulty  of  turning  the  two  halves  of  the  tube  axialiy  when  they 
tease   to   support   one   another 

Opciiuii:  tiihcf.  The  ends  of  closed  tubes  may  be  oi)ened  by  heating 
strongly  and  blowing  the  glass  out  into  a  large,  thin  bulb,  which  mav  be 
then  knocked  off  close  to  the  thick  part  of  the  tube.  The  jagged  end 
may  be  rounded  in  the  flame  till  the  glass  falls  somewhat  together,  after 
which  the  end  of  a  file  may  be  inserted  and  the  edges  broached  out  to  the 
original  size  of  the  tube,  or  further,  if  necessary,  so  as  to  form  a  flange. 
This  method  may  also  be  used  to  make  holes  in  the  sides  of  tubes  or  bulbs, 
for  instance  in  the  manufacture  of  T-tubes. 

BendiHji  tubes.  Tubes  up  to  about  4  or  5  mm  diameter  may  be  bent 
without  any  difficulty  by  heating  in  the  Sunken  or  blow  pi;)e  flame  till 
just  soft.  If  the  tube  is  larger  than  this,  but  not  more  than  about  8  mm 
in  diameter,  and  not  too  thm-walled,  it  may  be  heated  bv  holding  it  in 
the  plane  of  a  fish-tail  illuminating  flame  till  viscous.  The  tube  can  then  be 
l>ent  without  much  flattening  at  the  curve.  In  all  other  casts  blowing 
must  be  resorted  to  to  prevent  flattening.  After  closing  one  end,  the 
tube  must  be  rotated  evenly  in  the  flame  till  quite  soft.  It  must  then 
be  removed  from  the  heat,  and  while  blowing  very  gently  into  the  end, 
bent  quickly  into  the  desired  form.  By  immediately  blowing  hard  into 
the  tube  after  it  is  bent  the  flattening  may  be  removed. 
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TAHl.H  OF  CONCENTRATIONS  Oi-  LABORATORY  SOLUTIONS 

" h'itrmiila  weights 
A.'('iJi;i-)(/  I^'ormuUi  per  Lilrc'i 

Cone  hydrochkjrio  aciri HCT 11 

Cone,  sulphuric  acid HjSOi ............]  .  18.8 

Cmc   nunc  acid HNO, 14    c 

Dil   hv.lrochlorie  acid HCI.. 4 

Dil.  siiljihuriv-acid HjSO, 7 

Dil.  nitric  acid UNO, j 

Potassium  bichromate KjCr^O, o 

Kerric  chloride KeCl, o 

Kerrous  sulphate KeSO,.  .   .............'.'.'.  0.22 

Potassium  ioilidc Kl o.og 

Calcium  hydrate Ca(OH), 0.01 

s'alcium  chloride CaClj o 

Calcium  sulphate CaSO, o 

Magnesium  chloride M),'CI , '. '.  .  .  o 

Ammoriuiii  oxalate (NH.ijC/^. o 

Sodium  jihosphate Na^HPO^ 0.22 

MercuTK  cnloride    HgClj 022 

Lead  acetate  (and  a  little  free  acetic  acid) PlHC^HjO/jj 0.24 

^"'  ■    "^  015 


'7 

6 


7 
01 

4 

2ft 


Siher  nitrate A)jNO,.  . 

Ammonia  (Ammonium  hydroxide) NHiO'H. 

Ammonium  chloride NH.CI i . 

Ammonium  cirbonate (NH4),CO,    ..'. '.      1 . 

Atnmonium  sulphide (NH^j-SS, :; 

Potassium  hydrate KOH..' i  . 

Barium  chloride BaCI, n 

Acetic  acid HCjHjO, 

So.lium  carbonate Na^COj.  . 

Alcohol  (methylated) C.,H„0 

Ammonium  sulphocyanatc NHiSCN i  .  i 

I'otassium    ferricyanide K.,Fe(CN)fl       This    solution    does 

not  keep  well,  and  should  tie  made  u[>  in  small  quantities  when  required. 


0-4 


See  foot-note,  p 
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